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+HUHGLWDU\ VSDVWLF SDUDSOHJLDV +63V DUH FOLQLFDOO\ DQG JHQHWLFDOO\ KHWHURJHQRXV
JURXS RI PRYHPHQW GLVRUGHUV FKDUDFWHULVHG PDLQO\ E\ D SURJUHVVLYH VSDVWLF JDLW
GLVRUGHU DQG ZHDNQHVV RI WKH OHJV ZKLFK UHVXOWV IURP D OHQJWKGHSHQGHQW
D[RQRSDWK\ RI FRUWLFRVSLQDO WUDFW ILEUHV +63 W\SH 63* LV WKH PRVW FRPPRQ
UHFHVVLYH IRUPDQG LVFDXVHGE\PXWDWLRQV LQ WKH63*JHQHZKLFKHQFRGHVWKH
SURWHLQ63$7$&6,17KHSDWKRSK\VLRORJ\RI63*LVVRIDUQRWZHOOXQGHUVWRRG,Q
RUGHU WRVWXG\ WKH IXQFWLRQRI6SDWDFVLQDQG WRHOXFLGDWH WKHNH\HYHQWV OHDGLQJ WR
63*6SJZDVGLVUXSWHG LQPLFH /DFNRI6SDWDFVLQ LQPLFH LQGHHG FDXVHV D
SURJUHVVLYHJDLWGLVRUGHUZKLFKLVSDUDOOHOHGE\DSURJUHVVLYHORVVRIFRUWLFDOQHXURQV
DQG 3XUNLQMH FHOOV 'HJHQHUDWLQJ QHXURQV DFFXPXODWH DXWRIOXRUHVFHQW PDWHULDO
7KHVHGHSRVLWVDUHDVVRFLDWHGZLWKWKHO\VRVRPDOSURWHLQ/DPSSDUHFHSWRUIRU
FDUJR GHVWLQHG WR EH GHJUDGHG E\ DXWRSKDJ\ DQG ZLWK /& D PDUNHU IRU
DXWRSKDJRVRPHVVXJJHVWLQJWKDWWKHGHSRVLWVDUHUHODWHGWRDXWRO\VRVRPHV'LVWLQFW
O\VRVRPDOIXQFWLRQVVXFKDVWKHSURFHVVLQJRI&DWKHSVLQ'DQGO\VRVRPDOS+GRQRW
GLIIHU EHWZHHQ JHQRW\SHV0RUHRYHU WKH OHYHOV RI /DPS ERWK LQ EUDLQ WLVVXH DQG
PRXVHHPEU\RQLFILEUREODVW0()O\VDWHVDUHQRWDOWHUHGLQNQRFNRXWPLFH)XUWKHU
VXSSRUWLQJDGHIHFWLQDXWRSKDJLFFOHDUDQFHLQNQRFNRXW0()VOLSLGDWHG/&OHYHOV
DUHLQFUHDVHGDQGSOHYHOVDUHHOHYDWHGLQEUDLQO\VDWHV&RQVLVWHQWO\WKHQXPEHU
RI DXWRO\VRVRPHV LV LQFUHDVHGZKLOH WKHQXPEHU RI O\VRVRPHV LV GHFUHDVHG LQ.2
0()V 8SRQ VWDUYDWLRQ WKH QXPEHU RI O\VRVRPHV GHFUHDVH EXW WKH O\VRVRPH
QXPEHU UHFRYHUV XSRQ VXVWDLQHG VWDUYDWLRQ RQO\ LQZLOGWS\H0()V$GHSOHWLRQRI
O\VRVRPHVZDVDOVRHYLGHQW LQYLYRLQ3XUNLQMHFHOOVRIDQGPRQWKROGNQRFNRXW
PLFH 7KHVH GDWD VXJJHVW WKDW RZLQJ WR WKH GHFUHDVHG QXPEHU RI O\VRVRPHV
DYDLODEOHIRUIXVLRQZLWKDXWRSKDJRVRPHVLQNQRFNRXWPLFHDXWRO\VRVRPDOFOHDUDQFH
PD\ EH LPSDLUHG ZKLFK UHVXOWV LQ WKH DFFXPXODWLRQ RI XQGHJUDGHG PDWHULDO DQG
ILQDOO\ FDXVHVGHDWKRI SDUWLFXODUO\ VHQVLWLYHQHXURQV OLNH FRUWLFDOPRWRQHXURQVDQG
3XUNLQMHFHOOV

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
%HL KHUHGLWlUHQ VSDVWLVFKHQ3DUDSOHJLHQ +63 KDQGHOW HV VLFK XPHLQHJHQHWLVFK
KHWHURJHQH *UXSSH YRQ %HZHJXQJVVW|UXQJHQ GLH KDXSWVlFKOLFK GXUFK HLQHQ
SURJUHVVLYHQ VSDVWLVFKHQ*DQJXQGHLQH6FKZlFKHGHU%HLQH FKDUDNWHULVLHUW VLQG
'LH 8UVDFKH GHU (UNUDQNXQJ OLHJW LQ HLQHU OlQJHQDEKlQJLJHQ 'HJHQHUDWLRQ
NRUWLNRVSLQDOHU )DVHUQ 'LH KlXILJVWH UH]HVVLYH )RUP LVW 63* ZHOFKH GXUFK
0XWDWLRQHQ GHV 63**HQV YHUXUVDFKW ZLUG 63* NRGLHUW IU GDV 3URWHLQ
63$7$&6,1 %LVODQJ LVW GLH )XQNWLRQ YRQ 63$7$&6,1 ZHLWJHKHQG XQYHUVWDQGHQ
8PGLH)XQNWLRQYRQ63$7$&6,1DXI]XNOlUHQXQGGLH3DWKRSK\VLRORJLHGHU63*
DVVR]LLHUWHQ (UNUDQNXQJ ]X YHUVWHKHQ ZXUGH LP 5DKPHQ GHU YRUOLHJHQGHQ $UEHLW
GDV6SJ*HQJH]LHOWLQ0lXVHQDXVJHVFKDOWHW'HU9HUOXVWYRQ6SDWDFVLQIKUWEHL
GHQ .QRFNRXWPlXVHQ ]X HLQHU SURJUHVVLYHQ %HZHJXQJVVW|UXQJ GLH PLW HLQHP
IRUWVFKUHLWHQGHQ 9HUOXVW NRUWLNDOHU 1HXURQH XQG 3XUNLQMH =HOOHQ GHV .OHLQKLUQV
HLQKHUJHKW ,Q GHQ HQWVSUHFKHQGHQ 1HXURQHQSRSXODWLRQHQ NRPPW HV ]X HLQHU
$NNXPXODWLRQYRQDXWRIOXRUHV]LHUHQGHP0DWHULDOGDVPLWGHPO\VRVRPDOHQ3URWHLQ
/DPSVRZLHGHQ$XWRSKDJLHPDUNHUQSXQG/&NRORNDOLVLHUW'LHVGHXWHWGDUDXI
KLQGDVVGDVDXWRIOXRUHV]LHUHQGH0DWHULDOPLWDXWRO\VRVRPDOHQ6WUXNWXUHQDVVR]LLHUW
LVW(V ILQGHWVLFKNHLQH+LQZHLVHDXIHLQH O\VRVRPDOH)XQNWLRQVVW|UXQJGHU0lXVH
LP 6LQQH HLQHU JHVW|UWHQ &DWKHSVLQ' 3UR]HVVLHUXQJ RGHU HLQHP YHUlQGHUWHQ
O\VRVRPDOHQ S+ =XGHP LVW ZHGHU GLH ([SUHVVLRQ YRQ /DPS LP *HKLUQ GHU
.QRFNRXWPlXVH QRFK LQ HPEU\RQDOHQ )LEUREODVWHQ 0()V YHUlQGHUW 'LH
8QWHUVXFKXQJHQZHLVHQYLHOPHKUDXIHLQHJHVW|UWH&OHDUDQFHYRQ$XWRSKDJRVRPHQ
KLQ 6R ]HLJHQ VLFK LQ 0()V GHU .QRFNRXWPlXVH HUK|KWH 6SLHJHO YRQ OLSLG
DVVR]LLHUWHP/&VRZLHHLQ$QVWLHJYRQSLQ*HKLUQO\VDWHQ,P(LQNODQJPLWGHP
JHVW|UWHQ 8PVDW] YRQ $XWRO\VRVRPHQ LVW GHUHQ $Q]DKO LQ 0()V YRQ .20lXVHQ
HUK|KW ZRKLQJHJHQ GLH $Q]DKO YRQ /\VRVRPHQ HUQLHGULJW LVW 1DFK +XQJHUQ GHU
=HOOHQ EHLGHU *HQRW\SHQ NRPPW HV ]XQlFKVW ]X HLQHU HUQLHGULJWHQ $Q]DKO YRQ
/\VRVRPHQGLHVLFKLP9HUODXIMHGRFKOHGLJOLFKLQGHQ:LOW\S]HOOHQQRUPDOLVLHUW
'LHHUQLHGULJWH=DKOYRQ/\VRVRPHQNDQQDXFK LQYLYRLQ3XUNLQMH=HOOHQYRQE]Z
 0RQDWH DOWHQ .2 0lXVHQ QDFKJHZLHVHQ ZHUGHQ 'LHVH 'DWHQ ]HLJHQ GDVV
DXIJUXQG GHU HUQLHGULJWHQ $Q]DKO YRQ /\VRVRPHQ LP .2 GLH IU GLH )XVLRQ PLW
$XWRSKDJRVRPHQ ]XU 9HUIJXQJ VWHKHQ GHU DXWRO\VRVRPDOH $EEDX EHHLQWUlFKWLJW


LVW 'LHV UHVXOWLHUW P|JOLFKHUZHLVH LQ GHU $NNXPXODWLRQ YRQ QLFKWGHJUDGLHUWHP
LQWUD]HOOXOlUHP 0DWHULDO XQG PQGHW LP =HOOXQWHUJDQJ EHVRQGHUV DQIlOOLJHU
1HUYHQ]HOOHQZLHNRUWLNDOHQ0RWRQHXURQHQXQG3XUNLQMH=HOOHQ


,QWURGXFWLRQ

+HUHGLWDU\VSDVWLFSDUDSOHJLD
+HUHGLWDU\ VSDVWLF SDUDSOHJLDV +63V DUH D KHWHURJHQHRXV JURXS RI
QHXURGHJHQHUDWLYHPRYHPHQW GLVRUGHUV FKDUDFWHUL]HGE\ D OHQJWKGHSHQGHQW GLVWDO
D[RQRSDWK\RIILEUHVRIWKHFRUWLFRVSLQDOWUDFWZKLFKFDXVHVORZHUOLPEVSDVWLFLW\DQG
ZHDNQHVV%ODFNVWRQHHWDO+DUGLQJHWDO'H/XFDHWDO
7KH FRUWLFRVSLQDO WUDFW SDWKZD\ RULJLQDWHV IURP WKH OD\HU 9 RI WKH FHUHEUDO
PRWRUFRUWH[ZKHUHWKHJLDQWORQJSURMHFWLRQS\UDPLGDOFHOOV%HW]FHOOVDUHORFDWHG
7KHD[RQVRI WKHVHXSSHUPRWRU QHXURQVSDVVGLIIHUHQWEUDLQ VWXFWXUHV LQ RUGHU WR
GLUHFWO\RULQGLUHFWO\WKURXJKVSLQDOLQWHUQHXURQVFRQQHFWZLWKORZHUPRWRUQHXURQV
$[RQVRI ORZHUPRWRU QHXURQV LQQHUYDWH VNHOHWDOPXVFOH )LJ  &DUSHQWHU HW DO

 
)LJXUH7KHKXPDQFRUWLFRVSLQDOWUDFWPRGLILHGDIWHU%ODFNVWRQHHWDO



2WKHU &16 VWUXFWXUHV FRQWULEXWH WR PRWRU FRQWURO LH EDVDO JDQJOLD WKDODPXV
PLGEUDLQDQGFHUHEHOOXP7KH ODWWHURQHKHOSV WRPDLQWDLQEDODQFHDGMXVWVVPRRWK
DQG DFFXUDWH PRYHPHQWV DQG KHOSV WR UHGXFH PRYHPHQW HUURUV 7KH FHUHEHOODU
FRUWH[LVGLYLGHGLQWRWKUHHOD\HUVWKHPROHFXODUOD\HUWKH3XUNLQMHFHOOOD\HUDQGWKH
JUDQXOHOD\HU)LJ3XUNLQMHFHOOVIXQFWLRQDOO\UHSUHVHQWWKHHIIHUHQWSDWKZD\RIWKH
FHUHEHOOXP 7KH\ DUH DUUDQJHG LQ D PRQROD\HU 3XUNLQMH FHOO OD\HU DQG KDYH
HODERUDWHGHQGULWLFILEHUVWKDWH[WHQGWRWKHPROHFXODUOD\HU,QWHUHVWLQJO\EORFNDJHLQ
WKH IORZ RI LQIRUPDWLRQ LQ WKH FHUHEHOOXP OHDGV WR FHUHEHOODU GDPDJH DQG
XQFRRUGLQDWHGPRYHPHQWFDOOHGDWD[LD6FKPDKPDQQHWDO


)LJXUH&HUHEHOODUF\WRDUFKLWHFKWXUH&HUPLQDUDHWDO


7KHD[RQVRIFRUWLFDOPRWRQHXURQVDUHH[WUHPHO\ ORQJDQGPD\UHDFKXSWRP LQ
OHQJWKLQKXPDQV%HFDXVHRIWKHORQJGLVWDQFHEHWZHHQWKHVRPDDQGGLVWDOSDUWVRI
WKH D[RQ WKH OLIHORQJ PDLQWHQDQFH RI WKHVH D[RQDO VWUXFWXUHV LPSRVHV D
FRQVLGHUDEOHFKDOOHQJHIRUWKHQHXURQ
+63 SDWLHQWV W\SLFDOO\ VKRZ DQ DEQRUPDO LH µVSDVWLF¶ JDLW %HFDXVH RI WKH WLPH
GHSHQGHQW GHWHULRUDWLRQ RI V\PSWRPV SDWLHQWV RIWHQ EHFRPH ZKHHOFKDLU ERXQG
GXULQJWKHFRXUVHRIWKHGLVHDVH&OLQLFDOO\WZRJURXSVRI+63VDUHGLVWLQJXLVKHGWKH
VSDVWLFLW\ RI OHJV ZLWKRXW DGGLWLRQDO V\PSWRPV GHILQHV µSXUH¶ IRUPV ZKHUHDV WKH
SUHVHQFH RI H[WUD FOLQLFDO IHDWXUHV OLNH DWD[LD PHQWDO UHWDUGDWLRQ DP\RWURSK\
SHULSKHUDO QHXURSDWK\ LV REVHUYHG LQ µFOLQLFDOO\ FRPSOH[¶ +63 $JH DW RQVHW DQG
VSHHGRISURJUHVVLRQDUHKLJKO\YDULDEOHERWKEHWZHHQDQGZLWKLQIDPLOLHV+DUGLQJHW
DO5HLGHWDO'HSLHQQHHWDO7KHSUHYDOHQFHRI+63KDVEHHQ
HVWLPDWHGDVLQ%UDVFKLQVN\HWDO
+63VFDQEHLQKHULWHGDVDQDXWRVRPDOGRPLQDQW$'DXWRVRPDOUHFHVVLYH$5RU
;OLQNHGWUDLW7KHPRVWIUHTXHQWDXWRVRPDOGRPLQDQW+63W\SHVDUH63*63*$
DQG63*6DXWHUHWDO)DEHUHWDO63*DQG63*UHSUHVHQW
WKHPRVWFRPPRQUHFHVVLYHIRUPV6WHYDQLQHWDO+DQHLQHWDO63*
DQG 63* EHORQJ WR WKH ;OLQNHG JURXS RI +63V 7R GDWH PRUH WKDQ  VSDVWLF
SDUDSOHJLDJHQHORFL63*VKDYHEHHQLGHQWLILHG%ODFNVWRQHHWDO)LQVWHUHU
HW DO  1RYDULQR HW DO  7KXV +63 LV KLJKO\ KHWHURJHQHRXV QRW RQO\
FOLQLFDOO\EXWDOVRJHQHWLFDOO\
3URWHLQVHQFRGHGE\+63JHQHVIDOO LQWRGLIIHUHQW IXQFWLRQDOFDWHJRULHV%ODFNVWRQH
HWDODQG+63SURWHLQVDUHWKRXJKWWRSOD\DUROHLQFHOOXODUWUDIILFNLQJRU
VKDSLQJRIPHPEUDQHVDUHLQYROYHGLQ WKHTXDOLW\FRQWURORIPLWRFKRQGULDOSURWHLQV
PHGLDWHD[RQDORXWJURZWKP\HOLQDWLRQDQGPDLQWDLQFRQQHFWLRQVEHWZHHQDVWURF\WHV
DQGROLJRGHQGURF\WHVDQGDOVRDIIHFWOLSLGV\QWKHVLVDQGPHWDEROLVP)LJ
&XUUHQWO\ QR FDXVDWLYH WKHUDS\ LV DYDLODEOH IRU +63 7KH V\PSWRPDWLF WKHUDS\ LV
OLPLWHG WR WKHUHGXFWLRQRIPXVFOH WRQHDQG WRSK\VLRWKHUDS\ )LQNHWDO2I
QRWH DPXULQH+63PRGHO KDVDOUHDG\EHHQ VXFFHVVIXOO\ WUHDWHGE\ JHQH WKHUDS\
3LUR]]L HW DO  <HW FODULI\LQJ WKH FHOOXODU DQG VXEFHOOXODU SDWKRPHFKDQLVPV
XQGHUO\LQJ +63PD\ OHDG WR WKH GHYHORSPHQW RI GUXJV WDUJHWLQJ WKH FDXVH RI WKH
GLVHDVH =XFKQHU HW DO  DQG WKLV NQRZOHGJH PD\ DOVR EH RI EURDGHU


LPSRUWDQFH LQ XQGHUVWDQGLQJ UHODWHG QHXURGHJHQHUDWLYH GLVRUGHUV HJ O\VRVRPDO
VWRUDJHGLVRUGHUVDVZHOO


)LJXUH7KHSURSRVHG IXQFWLRQRI+63SURWHLQV LQ FRUWLFRVSLQDOPRWRUQHXURQV PRGLILHG
IURP%ODFNVWRQHHWDODQG

+HUHGLWDU\6SDVWLF3DUDSOHJLDW\SH63*
+63W\SH63*UHSUHVHQWVWKHPRVWIUHTXHQWW\SHRIDXWRVRPDOUHFHVVLYHFRPSOH[
+63V 0LVVHQVH QRQVHQVH DQG VSOLFH VLWHPXWDWLRQV DV ZHOO DV VPDOO DQG JURVV
GHOHWLRQV LQVHUWLRQV KDYH EHHQ GHWHFWHG LQ 63* SDWLHQWV ZKLFK DUH GLVWULEXWHG
RYHUWKHHQWLUHFRGLQJVHTXHQFHRIWKHJHQHDQGPRVWOLNHO\FRQIHUORVVRIIXQFWLRQRI
WKHSURWHLQ63$7$&6,1 6WHYDQLQHWDO+HKUHWDO63*SDWLHQWV
QRW RQO\ VXIIHU IURP VSDVWLFLW\ RI OHJV EXW IUHTXHQWO\ DOVR IURP PHQWDO UHWDUGDWLRQ
WKLQQLQJ RI WKH FRUSXV FDOORVXP FHUHEHOODU GHIHFWV DQG OHVV FRPPRQO\ HSLOHSV\
SDUNLQVRQLVPUHWLQDOGHJHQHUDWLRQDQGORZHUPRWRQHXURQGDPDJH6WHYDQLQHWDO
2UOpQHWDO$QKHLPHWDO2UODFFKLRHWDO3HQVDWRHWDO

63$7$&6,1UHSUHVHQWVDODUJHSURWHLQRIN'D ,WGRHVQRWKDYHDQ\ IXQFWLRQDO
GRPDLQV KRZHYHU LWV SUHGLFWHG VHFRQGDU\ VWUXFWXUH )LJ$ FRQWDLQV DQ 1


WHUPLQDO ȕSURSHOOHUOLNHGRPDLQ IROORZHGE\ĮVROHQRLGV DQGD FODWKULQKHDY\FKDLQ
GRPDLQ +LUVWHWDOZKLFK SUREDEO\PHGLDWHV LQWHUDFWLRQZLWKRWKHUSURWHLQV
63* P51$ FDQ EH GHWHFWHG LQ VHYHUDO WLVVXHV EXW LW LV SDUWLFXODUO\ VWURQJO\
H[SUHVVHGLQWKHQHUYRXVV\VWHP6WHYDQLQHWDO6RXWKJDWHHWDO7KLV
H[SUHVVLRQSDWWHUQZDVDOVR FRQILUPHGE\GHWHFWLQJ WKHHQGRJHQRXVSURWHLQ E\ DQ
DQWLERG\0XUPXHWDO ,Q WKHQHUYRXVV\WHP63*63$7$&6,1VHHPVWR
EHVSHFLILFWRQHXURQV0XUPXHWDO3HUH]%UDQJXOLHWDO&RQFHUQLQJ
WKH VXEFHOOXODU ORFDOL]DWLRQ RI 63$7$&6,1 XSRQ KHWHURORJRXV H[SUHVVLRQ D
ORFDOL]DWLRQWRWKHF\WRSODVPWKHQXFOHXVDQGPLWRFKRQGULDZDVUHSRUWHG6WHYDQLQHW
DO  (QGRJHQRXV 63$7$&6,1 GHWHFWHG E\ LPPXQRVWDLQLQJ UHYHDOHG LWV
SUHVHQFH DW YDULRXV ORFDWLRQV VXFK DV PLFURWXEXOHV HQGRSODVPLF UHWLFXOXP Ȗ
DGDSWLQSRVLWLYHYHVLFOHVGHVWLQHGIRUHQGRVRPDOWUDQVSRUW0XUPXHWDOODWH
HQGRVRPHVO\VRVRPHV+LUVWHWDO&KDQJHWDORUDWV\QDSWLFYHVLFOHV
DQGV\QDSWRVRPHV3HUH]%UDQJXOLHWDO
7RGDWHQXPHURXVVWXGLHVWULHGWRXQUDYHOWKHIXQFWLRQRI63$7$&6,1EXWDWSUHVHQW
LWLVQRW\HWIXOO\XQGHUVWRRG.QRFNLQJGRZQ6SDWDFVLQRU6SDVWL]LQDSURWHLQSURGXFW
RIWKH63*=)<9(JHQHDVVRFLDWHGZLWKFRPSOH[+63LQWKH]HEUDILVKUHVXOWV
LQ PRWRU LPSDLUPHQW DQG DEQRUPDO EUDQFKLQJ RI VSLQDO FRUGPRWRU QHXURQV DW WKH
QHXURPXVFXODUMXQFWLRQ0DUWLQHWDO6LQFHNQRFNGRZQRIHLWKHURQHRIWKHVH
SURWHLQVGLGQRW UHVXOW LQDQRYHUWSKHQRW\SHZKHUHDV WKHSDUWLDOGHSOHWLRQRIERWK
SURWHLQV FDXVHG PRWRU LPSDLUPHQW LW ZDV VXJJHVWHG WKDW ERWK SURWHLQV PLJKW EH
LQYROYHGLQWKHVDPHFHOOXODUSDWKZD\ZKLFKLVFRQVLVWHQWZLWKWKHFOLQLFDOVLPLODULWLHV
EHWZHHQ WKHVH IRUPV RI +63 0DUWLQ HW DO  ,QGHHG 63* FR
LPPXQRSUHFLSLWDWHG WRJHWKHU ZLWK 63* &25) '.)=S(
&25)DQG.,$$ LQYLWURDQGZDV LQLWLDOO\VXJJHVWHG WR IXQFWLRQ LQ'1$
UHSDLU6ODELFNLHWDO/DWHUWKHODWWHUWKUHHSURWHLQVZHUHFRQILUPHGWREHWKH
VXEXQLWVRIWKHDGDSWRUSURWHLQFRPSOH[$3ZKLFKLVLQYROYHGLQVSHFLILFFDUJR
WUDIILFNLQJ DORQJ WKH HQGRO\VRPDO V\VWHP +LUVW HW DO  %DVHG RQ VHFRQGDU\
VWUXFWXUHSUHGLFWLRQVLWKDVEHHQVSHFXODWHGWKDW6SDWDFVLQPD\IRUPDVFDIIROGFRDW
DURXQG$3 LQ D FODWKULQOLNHPDQQHU ZKLOH 6SDVWL]LQPD\ VHUYH WR GRFN $3 WR
VSHFLILFPHPEUDQHV+LUVWHWDO




$GDSWRUSURWHLQFRPSOH[HV
$GDSWRU SURWHLQ FRPSOH[HV $3 VRUW FDUJR IURP RQH YHVLFXODU FRPSDUWPHQW WR
DQRWKHU RQH 6WUXFWXUDOO\ WKH\ UHSUHVHQW KHWHURWHWUDPHUV HDFK FRPSRVHG RI WZR
ODUJH D PHGLXP DQG D VPDOO VXEXQLW 7KH\ ORFDOL]H WR GLIIHUHQW VXEFHOOXODU
FRPSDUWPHQWV DQG WKHLU G\VIXQFWLRQ LV UHODWHG WR GLIIHUHQW GLVHDVHV WKHUHIRUH
UHSUHVHQWLQJDIXQFWLRQDOO\LPSRUWDQWJURXSRIPROHFXOHVLQWKHFHOO
7RGDWHILYHGLIIHUHQWFRPSOH[HVKDYHEHHQLGHQWLILHG)LJ$3VRUWVFDUJRLQWR
FODWKULQFRDWHGYHVLFOHVDQGLVLQYROYHGLQWUDIILFNLQJEHWZHHQWXEXODUHQGRVRPHVDQG
WKHWUDQV*ROJLQHWZRUN7*15RELQVRQHWDO$3$KDVEHHQVKRZQWREH
HVVHQWLDO IRU WKH O\VRVRPDO WDUJHWLQJ DQG IXQFWLRQLQJ RI 13& DQG 13& WZR
SURWHLQVPXWDWHGLQWKHQHXURGHJHQHUDWLYHO\VRVRPDOGLVRUGHU1LHPDQQ3LFNW\SH&
GLVHDVH3RLULHUHWDO$3GLUHFWVFODWKULQPHGLDWHGHQGRF\WRVLV-DFNVRQHW
DO$3VRUWVFDUJRIURPWXEXODUHQGRVRPHVWR ODWHHQGRVRPHVO\VRVRPHV
DQGLVUHODWHGWR+HUPDQVN\3XGODN6\QGURPHDQHXURORJLFDOGLVRUGHU-RQHVHWDO
$3LVVXJJHVWHGWREHLQYROYHGLQVRUWLQJEHWZHHQWKH WUDQV*ROJLQHWZRUN
7*1 DQG HDUO\ HQGRVRPHV 6LPPHQ HW DO  /RVV RI IXQFWLRQPXWDWLRQV LQ
VXEXQLWVRI$3OHDGWRFHUHEUDOSDOV\9HUNHUNHWDO0RUHQR'H/XFDHWDO
DQGKHUHGLWDU\VSDVWLFSDUDSOHJLD1DMPDEDGLHWDO%DXHUHWDO
.RQJHWDOUHVSHFWLYHO\7KHPRVWUHFHQWO\LGHQWLILHGDGDSWRUSURWHLQFRPSOH[
$3LVUHSRUWHGWRORFDOL]HWRODWHHQGRVRPHVO\VRVRPHVEXWLWVIXQFWLRQLVVRIDU
QRWZHOOXQGHUVWRRG+LUVWHWDO0XWDWLRQVLQWKH]HWDVXEXQLWRI$3$3ȗ
OHDG WR 63* 6ODELFNL HW DO  3DWLHQWV VXIIHULQJ IURP 63* VKDUHPDQ\
V\PSWRPVZLWK63*DQG63*SDWLHQWV3HQVDWRHWDO



)LJXUH7KHUROHRIDGDSWRUSURWHLQFRPSOH[HVLQWKHFHOOEDVHGRQ+LUVWHWDO

$XWRSKDJ\
5HFHQWO\ 6SDVWL]LQ KDV EHHQ VKRZQ WR LQWHUDFW ZLWK %HFOLQ 9DQWDJJLDWR HW DO
 D NH\ UHJXODWRU RI WKH LQLWLDO VWHSV RI DXWRSKDJ\ 6LQFH 63* DQG 63*
SDWLHQWVPDQLIHVW VLPLODU FOLQLFDO SKHQRW\SHDQG WKH WZRSURWHLQV 63$7$&6,1DQG
63$67,=,1 UHVSHFWLYHO\ HQFRGHGE\ WKHVHJHQHVDUH SUHGLFWHG WR IXQFWLRQ LQ WKH
VDPHSDWKZD\WKHUHIRUHLPSDLUHPHQWRIDXWRSKDJ\PD\EHUHOHYDQWIRUWKHGLVHDVH
SKHQRW\SH
$XWRSKDJ\ LV D SURFHVVE\ZKLFK F\WRSODVPLF FRQVWLWXHQWVPLVIROGHGSURWHLQV DQG
RUJDQHOOHVDUHWDUJHWHGE\DXWRSKDJRVRPHVWRO\VRVRPDOGHJUDGDWLRQ7KHILUVWVWHS
RI DXWRSKDJ\ LV WKH LQLWDWLRQ RI D PHPEUDQRXV VWUXFWXUH FDOOHG SKDJRSKRUH ZKLFK
VHTXHVWHUVF\WRSODVPLFFRPSRQHQWV,QWKHHORQJDWLRQSKDVHWKLVPHPEUDQHH[WHQGV
DQG IRUPV WKH GRXEOHPHPEUDQHRXV DXWRSKDJRVRPH ZKLFK FDQ WKHQ IXVH ZLWK
HQGRVRPHV JHQHUDWLQJ WKH VR FDOOHG DPSKLVRPHV 7KHVH FRPSDUWPHQWV FDQ IXVH
ZLWKO\VRVRPHVDQGDUHWKHQFDOOHGDXWRO\VRVRPHVLQZKLFKWKHHQJXOIHGPDWHULDOLV
GHJUDGHG.OLQRQVN\HWDO/\VRVRPHVFDQEHUHF\FOHGIURPDXWRO\VRVRPHV
LQDSURFHVVFDOOHGDXWRSKDJLFO\VRVRPHUHIRUPDWLRQ5RQJHWDO)LJ



)LJXUH$XWRSKDJ\PRGLILHGIURP.OLQRQVN\HWDO

3KDJRSKRUHVDUHIRUPHGGHQRYRE\QXFOHDWLRQRQDSUHH[LVWLQJPHPEUDQH$EDGD
HW DO  ,Q KLJKHU HXNDU\RWHV WKH SKDJRSKRUH PHPEUDQH RULJLQDWHV IURP
GLIIHUHQWRJDQHOOHVLQWKHFHOO7KHSKDJRSKRUHIRUPDWLRQLVLQLWLDWHGZKHQWKH8/.
$7*$7*),3 DQG 3,.& 936%HFOLQ$7*/936 FRPSOH[HV
DUH UHFUXLWHG WR FXUYHG PHPEUDQH VLWHV H[SUHVVLQJ WKH 903 WUDQVPHPEUDQH
SURWHLQ 7KLV VWHS LQLWLDWHV WKH UHFUXLWPHQW RI WKH $7*$7*$7*/ FRPSOH[
7KHPHPEUDQHERXQG3,.&HQKDQFHVPHPEUDQHEHQGLQJDQGIRUPVDSODWIRUPWR
UHFUXLW:,3,ZKLFKLQWXUQDVVHPEOHVPRUHRIWKH$7*FRPSOH[$FWLYDWHG/&LV
UHFUXLWHGWRWKHPHPEUDQHE\WKH$7*FRPSOH[UHVXOWLQJLQWKHOLSLGLDWLRQRI/&
DW WKH FXUYHG PHPEUDQH IRUPLQJ WKH SKDJRSKRUH &DUOVVRQ HW DO  ,Q WKH
IROORZLQJ SKDJRSKRUHV HORQJDWHZKLFK LV D IOH[LEOH SURFHVV GXH WR WKH VL]H RI WKH
DXWRSKDJLF FDUJR ZKLFK YDULHV IURP VPDOO PROHFXOHV WR ODUJH EDFWHULD DQG
PLWRFKRQGULD6WRO]HWDO7KHGHOLYHU\RIFDUJRWRDXWRSKDJRVRPHVGXULQJWKH
DXWRSKDJLFSURFHVVLVDFKLHYHGE\DGDSWRUSURWHLQVDVHJS'HUHWLFHWDO
+DYLQJ DQ XELTXLWLQDVVRFLDWLRQ GRPDLQ S LQWHUDFWV ZLWK PLVIROGHG SURWHLQV DQG
PHGLDWHVDJJUHJDWLRQLQRUGHUWRIRUPFRQGHQVHGFDUJRSFRPSOH[HV,FKLPXUDHW
DO  7KURXJK LWV /&LQWHUDFWLQJGRPDLQ FDUJRORDGHGS GHOLYHUV FDUJR WR
DXWRSKDJLFYDFXROHV)LOLPRQHNRHWDO)ROORZLQJFDUJRHQJXOIPHQWGXULQJWKH
HORQJDWLRQ SURFHVV DXWRSKDJRVRPDO ELRJHQHVLV LV FRPSOHWHG /DWHU DPSKLVRPHV
DQG DXWRO\VRVRPHV DUH JHQHUDWHG E\ WKH IXVLRQ ZLWK HQGRVRPHV DQG O\VRVRPHV


UHVSHFWLYHO\ /\VRVRPHV DUH GLJHVWLYH FRPSRQHQWV LQ FHOOV 7KH\ W\SLFDOO\ KDYH D
GLDPHWHUޓȝPDQGDUHVXUURXQGHGE\DVLQJOHPHPEUDQH7KHSURSHUIXQFWLRQLQJRI
O\VRVRPHV GHSHQGV RQ VROXEOH O\VRVRPDO K\GURODVHV DQG O\VRVRPDO PHPEUDQH
SURWHLQV /03V 7KH GHJUDGDWLRQ RI LQWUDFHOOXODU FRPSRQHQWV LV PHGLDWHG E\
O\VRVRPDO K\GURODVHV SURWHDVHV SHSWLGDVHV SKRVSKDWDVHV QXFOHDVHV
JO\FRVLGDVHV VXOIDWDVHV OLSDVHV 7KH EHVW NQRZQ SURWHDVHV DUH WKH FDWKHSVLQ
IDPLO\ZKLFKLQFOXGHF\VWHLQSURWHDVHVFDWKHSVLQV%+/6&.2):;DQG9
DQG DVSDUWDWH SURWHDVHV FDWKHSVLQ ' DQG ( 5HSQLN HW DO  ,QWHUHVWLQJO\
FDWKHSVLQ'G\VIXQFWLRQLVDOVRDVVRFLDWHGZLWKDQHXURGHJHQHUDWLYHGLVHDVH$PULWDM
HWDO6RIDUPRUH WKDQ/03VKDYHEHHQ LGHQWLILHG/ENHHWDO
ZKLFK PHGLDWH D ZLGH UDQJH RI O\VRVRPDO IXQFWLRQV 2QH RI WKH PRVW DEXQGDQWO\
H[SUHVVHG/03LVWKHO\VRVRPHDVVRFLDWHGPHPEUDQHSURWHLQ/DPS/DPSLVD
W\SH,PHPEUDQHSURWHLQZKLFKLVGHOLYHUHGWRO\VRVRPHVE\$33HGHQHWDO
DQGSOD\VDNH\UROHLQWKHPDWXUDWLRQRIDXWRSKDJRVRPHV


2EMHFWLYHV

63* LV PXWDWHG LQ DXWRVRPDO UHFHVVLYH +63 DQG HQFRGHV WKH SURWHLQ
63$7$&6,16SDWDFVLQKDVEHHQVKRZQWR LQWHUDFWZLWK WKH$3FRPSOH[ZKLFK LV
VXJJHVWHG WR VRUW FDUJR DORQJ WKH HQGRO\VRVRPDO V\VWHP +LUVW HW DO 
KRZHYHU WKH IXQFWLRQRI6SDWDFVLQLQ+63LVQRW\HWXQGHUVWRRG ,QRUGHU WRREWDLQ
GHHSHU LQVLJKWV LQWR WKHSK\VLRORJLFDO UROHRI6SDWDFVLQ WKHDLPVRI WKLVVWXG\ZHUH
WKHIROORZLQJ

 7RVWXG\WKHHQGRJHQRXV6SJH[SUHVVLRQ
 7RJHQHUDWHD6SJNQRFNRXWPRXVHPRGHO
 7RDQDO\]HWKHFRQVHTXHQFHVRIWKHDEVHQFHRI6SJ LQWKHPRXVHERWKDW
V\VWHPLFDQGFHOOXODUOHYHO
 7R LQYHVWLJDWH LI WKH ORVV RI WKH$3 LQWHUDFWLQJ6SDWDFVLQDIIHFWV O\VRVRPDO
IXQFWLRQ
 7RDVVHVZKHWKHUDXWRSKDJ\LVDOWHUHGXSRQ6SJGLVUXSWLRQ


0DWHULDOVDQG0HWKRGV

&KHPLFDOVDQGVROXWLRQV

&KHPLFDOVZHUHSXUFKDVHGIURP0HUFN5RWKRU6LJPDXQOHVVRWKHUZLVHVWDWHG
6ROXWLRQVZHUHSUHSDUHGZLWKDTXDELGHVW

%DFWHULDO6WUDLQVYHFWRUVDQG/DERUDWRU\$QLPDOV

EDFWHULDOVWUDLQ (VFKHULFKLDFROL;/EOXH 6WUDWDJHQH
YHFWRU S&57232 7KHUPR6FLHQWLILF
ODERUDWRU\DQLPDO 0XVPXVFXOXV&%/- $QLPDO IDFLOLW\ 6(.)=/
/REHGD DW WKH 8QLYHUVLW\
+RVSLWDO-HQD
7DEOH2UJDQLVPVDQGFORQLQJYHFWRUVXVHGLQWKHVWXG\




$QWLERGLHV

3ULPDU\DQWLERGLHV
)RULPPXQRIOXRUHVFHQFHVWXGLHV
&RPPHUFLDOO\DYDLODEOH
DQWLERG\   GLOXWLRQ  FRPSDQ\
PRXVHDQWL1HX1    0LOOLSRUH
PRXVHDQWL*)$3    0LOOLSRUH
UDWDQWL/DPS    %'3KDUPLJHQ
UDEELWDQWL/&    6LJPD$OGULFK
PRXVHDQWLS    $EFDP
)RULPPXQREORWVWXGLHV
6HOIJHQHUDWHG
0RQRFORQDO DQWLERGLHV ZHUH UDLVHG DJDLQVW WKH HSLWRSH (./66*6,65'' DPLQR
DFLGV  RI WKH 6SDWDFVLQ SURWHLQ LQ %$/%& PLFH $EPDUW 7KH F
DQLWVHUDZHUHDIILQLW\SXULILHGEHIRUHXVH
PRXVHDQWL6SDWDFVLQ    
UDEELWDQWL6SDVWL]LQ    
&RPPHUFLDOO\DYDLODEOH
UDWDQWL/DPS    %'3KDUPLJHQ
UDEELWDQWL/&    1RYXV%LRORJLFDOV


PRXVHDQWLS    $EFDP
UDEELWDQWL%HFOLQ    6DQWD&UX]
JRDWDQWL&WV'     6DQWD&UX]
UDEELWDQWLȕDFWLQ    $EFDP
JRDWDQWL*$3'+     6DQWD&UX]
JRDWDQWL$SE     6DQWD&UX]

6HFRQGDU\DQWLERGLHVDOOFRPPHUFLDOO\DYDLODEOH
)OXRUHVFHQFH±ODEHOOHGVHFRQGDU\DQWLERGLHVIRULPPXQRIOXRUHVFHQFHVWXGLHV
JRDWDQWLPRXVH&\    -DFNVRQ,PPXQR5HV/DEV
JRDWDQWLUDEELW&\   'LDQRYD
JRDWDQWLUDW&\    -DFNVRQ,PPXQR5HV/DEV
JRDWDQWLPRXVH&\   -DFNVRQ,PPXQR5HV/DEV
)RUWKHFRXQWHUVWDLQLQJRIQXFOHL
+RHFKVW    0ROHFXODU3UREHV
+RUVHUDGLVKSHUR[LGDVH±ODEHOOHGVHFRQGDU\DQWLERGLHVIRULPPXQREORWVWXGLHV
JRDWDQWLUDEELW    $PHUVKDP%LRVFLHQFH
JRDWDQWLPRXVH    $PHUVKDP%LRVFLHQFH
GRQNH\DQWLJRDW    6DQWD&UX]
JRDWDQWLUDW    6DQWD&UX]


3KHQRW\SLQJ
$OO DQLPDO H[SHULPHQWV ZHUH DSSURYHG E\ WKH 7KULQJHU /DQGHVDPW IU
/HEHQVPLWWHOVLFKHUKHLWXQG9HUEUDXFKHUVFKXW]7//9LQ*HUPDQ\DSSURYDOQXPEHU


)RRWEDVHDQJOHDQDO\VLV
2QHZD\WRPHDVXUHJDLWGLVWXUEDQFHVLQPLFHLVWRPHDVXUHWKHIRRWEDVHDQJOHDWD
WRHRIISRVLWLRQGXULQJZDONLQJRQDEHDPWUDYHUVLQJWRWKHKRPHFDJHRIWKHDQLPDO
,ULQWFKHYHWDO0LFHZHUH WUDLQHG WRZDONRQDPP ORQJDQGPP
ZLGH HOHYDWHG SODVWLF KRUL]RQWDO EHDP $OO DQLPDOV OHDUQHG WR WUDYHUVH WKH EHDP
GXULQJ WZR FRQVHFXWLYH GD\V 7KH IROORZLQJ GD\  WULDOV IRU HDFK DQLPDO ZHUH
UHFRUGHGE\D19'6FDPHUD3DQDVRQLF'HXWVFKODQG+DPEXUJ*HUPDQ\)RU
WKHTXDQWLWDWLYHDQDO\VLVWZRLQGLYLGXDOYLGHRVHTXHQFHVZHUHVHOHFWHGDQGGLJLWL]HG
XVLQJ9LUWXDO'XEIUHHVRIWZDUHDYDLODEOHDWKWWSZZZYLUWXDOGXERUJ,QRUGHU
WRTXDQWLI\ WKH IRRWVWHSSLQJDQJOHVLQJOH IUDPHVRIGLJLWL]HGYLGHRVHTXHQFHVZHUH
DQDO\VHG E\ WKH 87+6&6$ ,PDJH7RRO  SURJUDP IUHH VRIWZDUH DYDLODEOH DW
KWWSZZZGGVG[XWKVFVDHGXGLJ7KHPHDQRIWZRLQGHSHQGHQWWULDOVZHUHWDNHQ
IRUVWDWLVWLFDODQDO\VLV5HVXOWVDUHSUHVHQWHGDVPHDQ6(0

%HDPEDODQFHWHVW
7R HVWLPDWH ZKHWKHU PLFH VKRZ VLJV RI DWD[LD PLFH KDG WR WUDYHUVH D QDUURZ
HOHYHWDGSODVWLFEHDPPPORQJDQGPPZLGH OHDGLQJ WR WKHKRPHFDJH
)ROORZLQJ D WUDLQLQJ VHVVLRQ VLPLODU WR WKH IRRWEDVHDQJOH DQDO\VLV DQLPDOV ZHUH
YLGHR UHFRUGHG7KH YLGHRVZHUHSURFHVVHG VHHDERYH LQ RUGHU WR GHWHUPLQH WKH
QXPEHURIIDOOVIURPWKHEHDP5HVXOWVDUHSUHVHQWHGDVPHDQ6(0

5RWDURGDQDO\VLV
0RWRU FRRUGLQDWLRQ ZDV DVVHVVHG E\ WKH DFFHOHUDWLQJ URWDWLQJ URG DQDO\VLV 8JR
EDVLOH ,Q WKLV H[FHUVLVH WKH DQLPDOVZHUHSODFHGRQD KRUL]RQWDO URG WKDW URWDWHV
7KH VSHHGJUDGXDOO\ LQFUHDVHG DQG WKH ODWHQF\ WR IDOO RII WKH URGZDV GHWHUPLQHG
ZKLFKFRUUHODWHVZLWKPRWRUVNLOOV0LFHZHUHWUDLQHGIRUWZRGD\VEHIRUHDQDO\VLV
5HVXOWVDUHSUHVHQWHGDVPHDQ6(0



0ROHFXODUELRORJ\PHWKRGV

,VRODWLRQRI51$IURPPRXVHEUDLQWLVVXH
0LFHZHUHGHFDSLWDWHGDQG WKHEUDLQZDV UHPRYHG7KH WLVVXHZDVJULQGHGXQGHU
OLTXLGQLWURJHQZLWKDPRUWDUDQGSHVWOHDQGWUDQVIHUUHGLQWRDPOIDOFRQPO7UL]RO
,QYLWURJHQSHUPJ WLVVXHZDVDGGHGDIWHU WKH OLTXLGQLWURJHQKDGHYDSRUDWHG
6DPSOHVZHUHWKRURXJKO\YRUWH[HGDQGLQFXEDWHGIRUPLQXWHVDWURRPWHPSHUDWXUH
7R SHOOHW WKH FHOOXODU GHEULV VDPSOHVZHUH FHQWULIXJHG IRU PLQXWHV DW J DW
&7KHVXSHUQDWDQWZDVWUDQVIHUUHGLQWRDQHZWXEHȝORIFKORURIRUPSHUPO
7UL]ROZDVDGGHGDQGVDPSOHVZHUHVKDNHQE\KDQGIRUVHFRQGVIROORZHGE\DQ
LQFXEDWLRQ IRUPLQXWHVDW URRP WHPSHUDWXUHDQGVXEVHTXHQWO\E\DFHQWULIXJDWLRQ
VWHS DW  USP DW & IRU  PLQXWHV 7KH DTXHRXV XSSHU SKDVH ZDV
WUDQVIHUUHG LQWR D QHZ WXEH DQG WKH51$ ZDV SUHFLSLWDWHG E\ DGGLQJ  YROXPH RI
LVRSURSDQRO E\ LQFXEDWLRQ IRU  PLQXWHV DW URRP WHPSHUDWXUH DQG FHQWULIXJHG DW
 USPDW& IRUPLQXWHV7KH UHVXOWLQJ51$SHOOHWZDVZDVKHGZLWK
YYHWKDQRODLUGULHGDQGFDUHIXOO\GLVVROYHGLQ51DVHIUHHZDWHU51$ZDVVWRUHG
DW&XQWLOIXUWKHUXVH

([WUDFWLRQRI'1$IURPWDLOELRSVLHVE\+RW6KRWSURWRFRO
*HQRPLF '1$ ZDV H[WUDFWHG IURP WDLO ELRSVLHV E\ D IDVW PHWKRG FDOOHG +RW6KRW
H[WUDFWLRQ(DFKWDLOELRSV\WRPPLQVL]HZDVLQFXEDWHGLQȝORIDONDOLQHO\VLV
EXIIHUP01D2+P0('7$IRUPLQXWHVDW&$IWHUFRROLQJGRZQWKH
VDPSOHVRQ LFH IRUPLQXWHVSHUSUREHȝORIQHXWUDOL]DWLRQEXIIHU P07ULV
+&OS+ZLWKRXWDGMXVWPHQWZDVDGGHGDVWKHILQDOVWHS

*HQRW\SLQJ3&5
*HQRW\SLQJZDVSHUIRUPHGRQ'1$LVRODWHGIURP+RW6KRWWDLOELRSVLHV7KHSULPHUV
³IRU´ FJJFWJFJJJFDJWFWFFDDJWJF ³UHY´ JJJDWJJJDDDJJWWFFJDJDJJF DQG ³FDVBUHY´
FJDFWFDJWFDDWFJJDJJDFWJJ ZHUH XVHG LQ D VLQJOH 3&5 UHDFWLRQ 7KH SULPHU SDLU
IRUUHYDPSOLILHGDESIUDJPHQWIRUWKHZLOGW\SHDOOHOH)LJ$DQGWKHSULPHUSDLU
IRUFDVBUHY D  ES IUDJPHQW IRU WKH WUDSSHG DOOHOH )LJ$ǲ (DFK UHDFWLRQ ZDV
SHUIRUPHGLQDWRWDOYROXPHRIȝOZLWKȝJRIWHPSODWH[RIUHDFWLRQEXIIHU
,QYLWURJHQ  SPRO RI HDFK SULPHU 0:*%LRWHFK  P0 RI HDFK G173¶V


,QYLWURJHQDQGȝORI7DT'1$SRO\PHUDVH,QYLWURJHQ7KH3&5ZDVSHUIRUPHG
LQ D WKHUPRF\FOHU ZLWK LQLWLDO GHQDWXUDWLRQ DW & IRU  VHFRQGV  F\FOHV RI
GHQDWXUDWLRQDW&IRUVHFRQGVDQQHDOLQJDW&IRUVHFRQGVHORQJDWLRQDW
& IRU  VHFRQGV IROORZHG E\ D VLQJOH VWHS DW & IRU  VHFRQGVDQG WKHQ
VWRUDJHDW&

 
)LJXUH*HQRW\SLQJVWUDWHJ\
$$ESZLOGW\SHDOOHOHZDVDPSOLILHGE\DSULPHUSDLUGHWHFWLQJDSDUWRIH[RQDQG
LQWURQ $$SULPHUSDLU UHFRJQL]LQJDSDUWRI WKHWUDSFDVVHWWHDQG LQWURQDPSOLILHGD
 ES IUDJPHQW IRU WKH WUDSSHG DOOHOH DUURZV ORFDWLRQ RI SULPHUV UHFWDQJOHV H[RQV
FDVVHWWHJHQHWUDSFDVVHWWH


5HYHUVHWUDQVFULSWLRQ
ȝJRI:7EUDLQ51$ZDVXVHGWRV\QWKHVL]HF'1$7KHUPR6FLHQWLILF5HYHUW$LG70
)LUVW 6WUDQG F'1$ 6\QWKHVLV .LW ZKLFK ZDV XVHG DV WHPSODWH LQ WKH 3RO\PHUDVH
&KDLQ5HDFWLRQ3&5LQRUGHUWRDPSOLI\DES1RUWKHUQEORWSUREHSDUWRIH[RQ
RI6SJZLWK WKH IRUZDUGSULPHU ¶JFDDDFDFWDDFDFDFDFWFFJFDJWJJ¶ DQG WKH
UHYHUVH SULPHU ¶JFDDFDFFDJFDFWDJDWFFWJJF¶ aȝJ RI WHPSODWH [ RI UHDFWLRQ
EXIIHU,QYLWURJHQSPRORIHDFKSULPHU0:*%LRWHFKP0RIHDFKG173¶V
,QYLWURJHQ DQG ȝO RI 7DT '1$ SRO\PHUDVH ,QYLWURJHQ ZHUH XVHG LQ D WRWDO
YROXPH RI  O $IWHU DPSOLILFDWLRQ LQ 7 WKHUPRF\FOHU %LRPHWUD LQLWLDO
GHQDWXUDWLRQDW&IRUVHFRQGVIROORZHGE\F\FOHVRIGHQDWXUDWLRQ&
VHFRQGV DQQHDOLQJ &  VHFRQGV HORQJDWLRQ &  VHFRQGV WKH UHVXOWLQJ
3&5 SURGXFW ZDV VXEVHTXHQWO\ VHSDUDWHG E\ DJDURVH JHOHOHFWURSKRUHVLV DQG
DQDO\]HGZLWK89WDEOH





3XULILFDWLRQ'1$IURP$JDURVH*HO
)RUFORQLQJ'1$EDQGVRIWKHFRUUHFWVL]HZHUHTXLFNO\H[FLVHGXQGHU89OLJKWIURP
DJDURVHJHOVZLWKDVFDOSHODQGSODFHGLQWRDPOWXEH7KH'1$ZDVSXULILHGZLWK
WKH'1$UHFRYHU\NLW=\PRFOHDQDFFRUGLQJWRWKHPDQXIDFWXUHU
VLQVWUXFWLRQV

7$&ORQLQJ
)ROORZLQJWKHH[WUDFWLRQRIWKH3&5SURGXFWWKHESIUDJPHQWZDVFORQHGLQWRD
7232 YHFWRU 7KH PL[ LQFOXGHG ȝO RI JHOSXULILHG F'1$ ȝO RI 6DOW 6ROXWLRQ
,QYLWURJHQȝOZDWHUDQGȝORI7232YHFWRU,QYLWURJHQ$IWHUPL[LQJWKHUHDFWLRQ
JHQWO\ LWZDV LQFXEDWHG IRUPLQXWHV DW URRP WHPSHUDWXUH DQG WKHQ WUDQVIRUPHG
LQWRFKHPRFRPSHWHQWEDFWHULD

3UHSDUDWLRQRIFKHPRFRPSHWHQWEDFWHULD
)RU WKH SUHSDUDWLRQ RI FKHPRFRPSHWHQW EDFWHULD D SUHFXOWXUH RI ( FROL ;/%OXH
6WUDWDJHQHZDVJURZQRYHUQLJKWDW&LQPOȥEURWKPHGLXP/%EURWKPHGLXP
P00J62P0.&OȝJPOWHWUDF\FOLQHDGMXVWHGWRS+DQGDXWRFODYHG
7KHQH[WPRUQLQJPOȥEURWKPHGLXPZDVLQRFXODWHGZLWKPORIWKHSUHFXOWXUH
DQGJURZQDW&DQGZDVVKDNHQXQWLODQRSWLFDOGHQVLW\RIQP 2'RI
ZDVUHDFKHG%DFWHULDZHUHFRROHGRQLFHDQGWKHQSHOOHWHGE\FHQWULIXJDWLRQ
DWUSPIRUPLQXWHVDW&7KHVXSHUQDWDQWZDVGLVFDUGHGDQGWKHSHOOHWZDV
UHVXVSHQGHG LQPO LFHFROG7)%EXIIHU YYJO\FHUROP0&D&O
P0 SRWDVVLXP DFHWDWH  P0 5E&O  P0 0Q&O S+  DGMXVWHG ZLWK
&+&22+ DQG LQFXEDWHG RQ LFH IRU  PLQXWHV $IWHU WKLV VWHS WKH EDFWHULDO
VXVSHQVLRQZDVFHQWULIXJHGDWUSPIRUPLQXWHVDW&7KHVXSHUQDWDQWZDV
GLVFDUGHG DQG WKH SHOOHW ZDV UHVXVSHQGHG LQ ILOWHUHG VWHULOH LFHFROG 7)% EXIIHU
 YY JO\FHURO P00236 P0&D&O P05E&O &RPSHWHQW FHOOV
ZHUHTXLFNO\DOLTXRWHGRQLFHȝODQGVQDSIUR]HQLQOLTXLGQLWURJHQDQGVWRUHGDW
&XQWLOXVH

7UDQVIRUPDWLRQRIFRPSHWHQWEDFWHULD
7KHSODVPLG'1$ZDVPL[HGZLWKDGHIURVWHGDOLTXRWRIFKHPRFRPSHWHQWEDFWHULD
IRUWUDQVIRUPDWLRQDQGLQFXEDWHGRQLFHIRUPLQXWHV7UDQVIRUPDWLRQRIWKHSODVPLG
ZDVGRQHE\KHDWVKRFNDW& IRUPLQXWHV$IWHUFRROLQJRQ LFH IRUPLQXWHV


ȝORI62&PHGLXPZY\HDVWH[WUDFWZYWU\SWRQHP01D&O
P0.&OP00J&OP00J62P0JOXFRVHS+ZDVDGGHGDQGWKH
PL[WXUHZDVLQFXEDWHGDW&RQDVKDNHUIRUPLQXWHV7KHEDFWHULDOVXVSHQVLRQ
ZDV SODWHG RQ /%$JDU SODWHV FRQWDLQLQJ WKH DSSURSULDWH DQWLELRWLF IRU SODVPLG
VHOHFWLRQ,QYHUWHGSODWHVZHUHLQFXEDWHGDW&RYHUQLJKW

%DFWHULDOOLTXLGFXOWXUH
$IWHUVXFFHVVIXOWUDQVIRUPDWLRQDVLQJOHEDFWHULDOFRORQ\ZDVLQRFXODWHGLQPORI/%
FRQWDLQLQJPJPO RI NDQDP\FLQ LQ D VWHULOH FXOWXUH WXEH7KH FXOWXUHZDVJURZQ
RYHUQLJKWDW&ZLWKVKDNLQJUSP

0LQLSUHSDUDWLRQRI3ODVPLG'1$%DFWHULDO&ORQHV
 PO RI WKH FXOWXUH ZDV WUDQVIHUUHG WR D WXEH %DFWHULD ZHUH SHOOHWHG E\
FHQWULIXJDWLRQDQGUHVXVSHQGHGLQȝORI3EXIIHUP0JOXFRVHP07ULV
+&O S+ P0('7$ ȝJPO51DVH$$ONDOLQH O\VLV RI WKHEDFWHULDZDV
SHUIRUPHGE\DGGLQJȝORI3EXIIHUP01D2+ZY6'6DQGJHQWO\
PL[LQJWKHWXEHVE\LQYHUVLRQ$IWHUDEULHILQFXEDWLRQRQLFHȝORI3EXIIHU
03RWDVVLXP$FHWDWH S+  ZDV DGGHGDQG WKH WXEHVZHUH JHQWO\ LQYHUWHG ILYH
WLPHVLQRUGHUWREHPL[HG5HPRYDORIWKHSUHFLSLWDWHGSURWHLQVIURPWKHO\VDWHZDV
DFKLHYHG E\ D  PLQXWHV FHQWULIXJDWLRQ DW  USP 7KH VXSHUQDWDQWV ZHUH
WUDQVIHUUHGLQWRQHZPO WXEHVDQGȝORIYYHWKDQROZDVDGGHGIRU
SODVPLG'1$SUHFLSLWDWLRQ)ROORZLQJFHQWULIXJDWLRQDWUSPIRUPLQXWHV'1$
SHOOHWVZHUHZDVKHGZLWKYYHWKDQRODOORZHGWRGU\DQGGLVVROYHGLQZDWHU

'1$6HTXHQFLQJ
'1$ZDVVHTXHQFHGLQRUGHUWRYHULI\WKHQXFOHRWLGHVHTXHQFHRIWKHFORQHGSODVPLG
'1$ $ VHTXHQFLQJ UHDFWLRQ LQFOXGHG  QJ '1$ WHPSODWH  SPRO
VHTXHQFLQJSULPHUV0:*%LRWHFKȝO[EXIIHUȝORI%LJ'\H$%,DQG+2LQ
D WRWDOYROXPHRIȝO7KHPL[ZDVDPSOLILHGLQD WKHUPRF\FOHUZLWK WKH IROORZLQJ
VHTXHQFLQJSURJUDPLQLWLDOGHQDWXUDWLRQDW&IRUVHFRQGVGHQDWXUDWLRQ&
 VHFRQGV DQQHDOLQJ &  VHFRQGV HORQJDWLRQ &  VHFRQGV
6XEVHTXHQWO\ WKH'1$ZDVSUHFLSLWDWHGE\DGGLQJYRORI0VRGLXPDFHWDWH
S+DQGYRORIHWKDQRODQGZDVFHQWULIXJHG IRUPLQXWHVDW USP


$IWHUZDVKLQJLWZLWKYYHWKDQROWKHSHOOHWZDVGULHGDQGVROYHGLQȝORI+L
'L )RUPDPLGH $%, DQG ZDV SURFHVVHG IRU VHTXHQFLQJ &KURPDWRJUDPV ZHUH
DQDO\]HGE\*$7&9LHZHUIUHHVRIWZDUHDWJDWFYLHZHUVRIWZDUHLQIRUPHUFRP

$JDURVH*HO(OHFWURSKRUHVLV
6HSDUDWLRQRI'1$IUDJPHQWVIURPWKHJHQRW\SLQJ3&5ZDVDFKLHYHGE\KRUL]RQWDO
JHOHOHFWURSKRUHVLVLQDJDURVHJHOFKDPEHUV$PHUVKDP%LR6FLHQFHV$JDURVHJHO
FRQFHQWUDWLRQZDV ZY GHSHQGLQJRQ WKH VL]H RI WKH'1$ IUDJPHQWV WR EH
VHSDUDWHG$JDURVH,QYLWURJHQZDVERLOHGLQ[7$(EXIIHUP07ULVDFHWDWH
P0('7$%HIRUHFDVWLQJȝJPOHWKLGLXPEURPLGHZDVDGGHGWRWKHJHO'1$
VDPSOHVZHUHPL[HGZLWK['1$ORDGLQJEXIIHUP07ULV+&OYYJO\FHURO
 YY EURPRSKHQRO EOXH  YY [\OHQH F\DQRO LQ RUGHU WR PRQLWRU WKH
'1$VHSDUDWLRQ7KH'1$IUDJPHQWVZHUHVHSDUDWHGE\DSSO\LQJDFRQVWDQWYROWDJH
RI  9 GHSHQGLQJ RQ WKH VHSDUDWLRQ WLPH $IWHU VHSDUDWLRQ WKH '1$ ZDV
YLVXDOL]HGXQGHU89OLJKW

1RUWKHUQEORW
,QRUGHUWRDQDO\]HWKH6SJP51$H[SUHVVLRQE\1RUWKHUQEORWDQDO\VLVZHXVHG
WKHSUHYLRXVO\H[WUDFHGEUDLQ51$DQGDSUREHGLUHFWHGDJDLQVWDSDUWRIH[RQRI
6SJȝJ51$LVRODWHG IURPZLOGW\SHDQGKRPR]\JRXVNQRFNRXWPRXVHEUDLQ
ZDV GHQDWXUHG LQ 51$ORDGLQJ EXIIHU [ 51$ ORDGLQJ G\H  YY 
EURPRSKHQRO EOXH P0('7$ 0 IRUPDOGHK\GH  YY JO\FHURO 
YY IRUPDPLG[0236DW&IRUPLQXWHV'HQDWXUDWHG51$VDPSOHVZHUH
ORDGHGRQDQDJDURVHJHOZYDJDURVHYYIRUPDOGHK\G[0236IRU
HOHFWURSKRUHVLV [ 0236 VWRFN VROXWLRQ  P0 1PRUSKROLQR
SURSDQHVXOIRQLFDFLGP0VRGLXPDFHWDWHP0('7$S+(OHFWURSKRUHVLV
ZDV SHUIRUPHG LQ UXQQLQJ EXIIHU [ 0236   YY IRUPDOGHK\GH LQ '(3&
ZDWHU DW  9 $IWHU VHSDUDWLRQ WKH JHO ZDV ZDVKHG WZLFH ZLWK [ 66& 0
1D&O  0 1D&LWUDWH S+  IRU  PLQXWHV 51$ ZDV EORWWHG RQWR D Q\ORQ
PHPEUDQH +\ERQG;/*(+HDOWKFDUH LQ[66&RYHUQLJKWE\FDSLOODU\EORWWLQJ
51$ZDVIL[HGRQWRWKHPHPEUDQHE\LQFXEDWLQJLWDW&IRUK7KHLQWHJULW\RI
WKH WUDQVIHUUUHG 51$ ZDV PRQLWRUHG E\ PHWK\OHQH EOXH VWDLQLQJ HTXLOLEUDWLRQ RI
PHPEUDQHLQYYDFHWLFDFLGDQGVWDLQHGZLWKZYPHWK\OHQHEOXHLQ


 YY DFHWLF DFLG IRU PLQXWHV IROORZHGE\GHVWDLQLQJRI WKHPHPEUDQHZLWK
+27KHSUHVHQFHRI WKH6U51$DQG6U51$EDQGVVHUYHGDVDPDUNHU IRU
WKH VXFFHVVIXO EORWWLQJ DQG HTXDO ORDGLQJ RI GLIIHUHQW ODQHV 7KH PHPEUDQH ZDV
HTXLOLEUDWHGLQ[66&DQGVWRUHGDW&XQWLOK\EULGL]DWLRQ

5DGLRODEHOLQJRIWKHSUREH
7KH1RUWKHUQEORWSUREHIRUK\EULGL]DWLRQRIWKH1RUWHUQEORWPHPEUDQHZDVODEHOOHG
ZLWK3G&737KHESSUREHWHPSODWHZDVH[FLVHGIURPWKHSODVPLGZLWK(FR5,
,QYLWURJHQJHOSXULILHGDQGGLVVROYHGLQ7(EXIIHUDWDFRQFHQWUDWLRQRIQJ
ȝO$IWHUGHQDWXULQJWKHVDPSOHDW&IRUPLQXWHVLWZDVFRROHGGRZQRQLFH
DQG EULHIO\ FHQWULIXJHG 7KH GHQDWXUHG SUREH WHPSODWH ZDV WUDQVIHUUHG LQWR D
5HGLSULPH ,, *( +HDOWKFDUH WXEH FRQWDLQLQJ O\RSKLOL]HG G$73 G773 G*73 DQG
'1$SRO\PHUDVH7KHO\RSKLOL]HG5HGLSULPH,,FRPSRQHQWVZHUHPL[HGDQGWKHQȝO
RI3G&73ZDVDGGHGDQGPL[HGDJDLQE\SLSHWWLQJ7KHUHDFWLRQZDVLQFXEDWHG
IRUPLQXWHVDW&,QRUGHUWRUHPRYHWKHXQERXQGUDGLRODEHOOHGQXFOHRWLGHVWKH
SUREHPL[ZDVSXULILHGWKURXJKD*FROXPQ*(+HDOWKFDUH$VFLQWLOODWLRQFRXQWHU
%HFNPDQZDVXVHG WR WHVW WKH UDGLRODEHOOLQJRI WKHSUREH3UHK\EULGL]DWLRQRI WKH
PHPEUDQHZDVSHUIRUPHGIRUKRXUVDW&LQSUHK\EULGL]DWLRQPL[ZY6'6
 YY3(* [663( PJPO ILVKVSHUP'1$ 5RFKH LQ RUGHU WREORFN
QRQVSHFLILF ELQGLQJ RI WKH SUREH ZLWK WKHPHPEUDQH +\EULGL]DWLRQ ZLWK WKH UDGLR
ODEHOOHGSUREHZDVSHUIRUPHGRYHUQLJKWDW& LQ URWDWLQJERWWOHV7KHPHPEUDQH
ZDVZDVKHGWZLFHZLWKSUHKHDWHGZDVKEXIIHU[66&ZY6'6DW&IRU
PLQXWHV7KHPHPEUDQHZDVZDVKHGXQWLOUDGLRDFWLYLW\ZDVEHORZFSPWKHQ
LWZDVZUDSSHG LQWRVDUDQDQGH[SRVHGWRD3KRVSKRLPDJHUSODWH)XML)LOPV7KH
)/$SKRVSKRLPDJHU )XML)LOPVZDVXVHG WR UHDG WKHSKRVSKRLPDJHU SODWHV
DIWHUDVXLWDEOHH[SRVXUHWLPH



&HOOELRORJ\PHWKRGV

0RXVHHPEULRQ\FILEUREODVWFXOWXUH
,QRUGHUWRJHWGD\VROGHPEU\RVWHUPLQDWHGPDWLQJVZHUHVHWXS7KHSUHJQDQW
IHPDOH PLFH ZHUH HXWKDQL]HG DW GD\  DIWHU FRQFHSWLRQ DQG HPEU\RV ZHUH
UHPRYHG(PEU\RVZHUHSODFHGLQDGLVKILOOHGZLWKVWHULOH[3%6RQLFH([WUDEORRG
ZDVUHPRYHGE\ZDVKLQJZLWK3%6%\XVLQJDVKDUSIRUFHSVWKHXWHULQHZDOODQGWKH
DPQLRWLF VDF ZDV UHPRYHG IURP WKH HPEU\R 7KH HPEU\R ZDV IL[HG ZLWK IRUFHSV
ZKLOH WKH LQQHURUJDQVH\HVEUDLQDQG OLPEVZHUH UHPRYHG7KH UHPDLQLQJRI WKH
HPEU\RZDVPLQFHGZLWKDVFDOSHO LQ(PEU\R6XVSHQVLRQV0HGLXP '0(0+HSHV
,QYLWURJHQ  XQLWV  PO SHQLFLOOLQ  ȝJ  PO VWUHSWRP\FLQ ;
SHQLFLOOLQVWUHSWRP\FLQ ,QYLWURJHQ 7R EUHDN XS WLVVXH FKXQNV DQG JHW FHOOV LQWR
VXVSHQVLRQWKHPLQFHGWLVVXHZDVWDNHQXSLQPORI(PEU\R6XVSHQVLRQV0HGLXP
DQG SDVVHG WKURXJK QHHGOHV RI GHFUHDVLQJ FDOLEHUV LQ RUGHU WR JHW D VPRRWK
VXVSHQVLRQ)LQDOO\WKHFHOOVXVSHQVLRQZDVWUDQVIHUUHGLQWRPO)DOFRQVDQGPO
7U\SVLQ*LEFRDQGO'QDVH*LEFRZDVDGGHGWRWKHVXVSHQVLRQ$IWHU
PL[LQJ ZHOO WKH VDPSOH LW ZDV LQFXEDWHG IRU  PLQXWHV DW & LQ ZDWKHUEDWK
'XULQJ LQFXEDWLRQ WKHVDPSOHZDVPL[HG IURP WLPH WR WLPH)ROORZLQJPLQXWHVRI
VHWWOLQJ WLPH RQ URRP WHPSHUDWXUH  PO RI VXSHUQDWDQW ZDV SLSHWWHG LQWR D PO
IDOFRQZLWKPO0()30HGLXP'0(0+HSHV,QYLWURJHQZY)&63$$
JROG  ZY1($$ QRQHVVHQWLDO DPLQRDFLG [ ,QYLWURJHQ XQLWVPO
SHQLFLOOLQ  ȝJPO VWUHSWRP\FLQ ; SHQLFLOOLQVWUHSWRP\FLQ ,QYLWURJHQ 
ZY*OXWDPLQ7KHWU\SVLQDWLRQVWHSZDVUHSHDWHGIRXUWLPHV7KHUHVXOWLQJPORI
FHOOVXVSHQVLRQZDVFHQWULIXJHGIRUPLQXWHVDW URRPWHPSHUDWXUHE\USP
7KH SHOOHW ZDV UHVXVSHQGHG LQ IUHVKPHGLXP DQG WKH FHOOV ZHUH SODWHG RQ  FP
GLVKHV DW D GHQVLWL\ RI [PO LQ 0() FXOWXUH PHGLXP 0() FXOWXUH PHGLXP
'0(0*OXWDPD[, PJO JOXFRVH VRGLXPS\UXYDWHIUHHPHGLXP ,QYLWURJHQ
 ZY KHDWLQDFWLYDWHG )&6 3$$ JROG  ZY 1($$ ,QYLWURJHQ 
XQLWVPO SHQLFLOOLQ  ȝJPO VWUHSWRP\FLQ ; SHQLFLOOLQVWUHSWRP\FLQ
,QYLWURJHQ





6WDUYDWLRQDVVD\
:KHQ0()VZHUHVWDUYHGLQ0()PHGLXPODFNLQJVHUXPVHUXPVWDUYDWLRQIRU
DQGKDIWHUUHDFKLQJDFRQIOXHQF\RIURXJKO\

%ODVWRF\VWLQMHFWLRQDQGJHQHUDWLRQRIFKLPHULFPLFH
)UR]HQ(7JHPEU\RQLFVWHP(6FHOOVZHUHGHIURVWHGDQGPL[HGZLWKȝO
RISUHZDUPHG(7JDPHGLXPPO*0(0PO)%6,QYLWURJHQPO[
*,%&2/*OXWDPLQH ,QYLWURJHQ PO [ EHWDPHUFDSWRHWKDQRO DQG0XULQH/,)
0LOLSRUH(6FHOOVZHUHJURZQRQFHOOFXOWXUHGLVKHVFDUU\LQJD WKLQFRDWRI
JHODWLQH%ODVWRF\VWVZHUHUHPRYHGIURPSUHJQDQW&%/-IHPDOHVGD\VDIWHU
IHUWLOL]DWLRQ (6 FHOO FORQHV ZHUH WU\SVLQL]HG ZDVKHG WZLFH ZLWK  PO RI 3%6 DQG
DGGHGWRȝO(7JDPHGLXP(6FHOOVZHUHLQMHFWHGLQWRHDFKEODVWRF\VW
&%/-PRXVH OLQH XVLQJDPLFURPDQLSXODWRU (SSHQGRUI%ODVWRF\VWV FDUU\LQJ
WKHUHFRPELQDQW(6FHOOVZHUHLQMHFWHGYLDDFDSLOODU\LQWRWKHXWHUXVRIDQHVWKHWL]HG
SVHXGRSUHJQDQWIHPDOHVZKLFKJDYHELUWKWRFKLPHULFPLFH&KLPHUDVZHUHPDWHG
ZLWK&%/-PLFH WR REWDLQ KHWHU]\JRXVRIIVSULQJV7KH(6 FHOO FXOWXUH DQG WKH
EODVWRF\VW LQMHFWLRQ ZDV SHUIRUPHG LQ WKH &RUH 8QLW RI WKH $QLPDO )DFLOLW\ RI WKH
8QLYHUVLW\+RVSLWDO-HQD

3HUIXVLRQDQGIL[DWLRQ
)RUWKHKLVWRORJLFDODQDO\VLVPLFHRIGLIIHUHQWDJHVZHUHDQHVWKHWKLVHGE\,VRIOXUDQH
$FWDYLVDQGSHUIXVHGWUDQVFDUGLDOO\7RUHPRYHEORRG[SKRVSKDWHEXIIHUHGVDOLQH
3%6P01D&OP01D+32P0.&OP0.+32S+ZDV
XVHG$IWHUEORRGZDVUHPRYHGWLVVXHVZHUHIL[HGZLWKIL[DWLRQEXIIHUDVVXLWHGIRUWKH
SODQQHG H[SHULPHQWV :H DSSOLHG IRU ȕJDODFWRVLGDVH VWDLQLQJV D ȕJDODFWRVLGDVH
IL[LQJ VROXWLRQ IRU  PO VROWXWLRQ  PO   IRUPDOGHK\GH )OXND &KHPLH
*PE+POJOXWDUDOGHK\GHPO[3%6DGDTXDELGHVWIRUKLVWRORJLFDO
VWDLQLQJVDQGLPPXQRKLVWRFKHPLVWU\ZYSDUDIRUPDOGHK\GH3)$LQ[3%6
DQG IRU XOWUDVWUXFWXUDO DQDO\VLV  ZY3)$  YY JOXWDUDOGHK\GH LQ [3%6
7LVVXHV ZHUH SRVWIL[HG IRU  K ȕJDODFWRVLGDVH VWDLQLQJ RU RYHUQLJKW LQ WKH
UHVSHFWLYHIL[LQJVROWXLRQDW&




7LVVXHVHFWLRQLQJ
)RUȕJDODFWRVLGDVHVWDLQLQJVVDJLWDOEUDLQVHFWLRQVRIȝPZHUHSUHSDUHGE\D
YLEUDWRPH/HLFD0LFURV\VWHPV)RUKLVWRORJLFDOVWDLQLQJV WLVVXHZDVHPEHGGHGLQ
SDUDIILQDQGVHFWLRQHGȝPZLWKDPLFURWRPH+06:DOGRUIDQGWUDQVIHUUHG
RQWR +\VWR%RQG VOLGHV 0DULHQIHOG )RU LPPXQRKLVWRFKHPLVWU\ VDPSOHV ZHUH
FU\RSURWHFWHG LQ DQ LQFUHDVLQJ FRQFHQWUDWLRQ RI VXFURVH VROXWLRQ  DQG  
VXFURVH LQ [ 3%6 IRU  K DQG RYHUQLJKW  ȝP VHFWLRQVZHUH FXW ZLWK D VOLGLQJ
PLFURWRPH /HLFD DQG IORDWLQJ VHFWLRQVZHUH VWRUHG LQ [3%6VXSSOHPHQWHGZLWK
  1D1 XQWLO IXUWKHU XVH )RU XOWUDVWUXFWXUDO DQDO\VLV  ȝP VDJLWDO DQG
FRURQDO VHFWLRQV RI EUDLQ DQG VSLQDO FRUG ZHUH FXW ZLWK E\ D YLEUDWRPH /HLFD
0LFURV\VWHPV

ȕJDODFWRVLGDVHVWDLQLQJ
,Q RUGHU WR DQDO\]H WKH HQGRJHQRXV H[SUHVLRQ SDWWHUQ RI 6SJ WKH EUDLQ ZDV
UHPRYHG IURP PRQWKROG KHWHUR]\JRXV DQLPDOV DQG VHFWLRQHGDIWHU SRVWIL[DWLRQ
6HFWLRQVZHUHZDVKHGZLWK[3%6IRUWLPHVPLQXWHVDQGLQFXEDWHGRYHUQLJKWLQ
/DF=VWDLQLQJVROXWLRQIRUPOVROXWLRQPOPJPO;*DO&DUO5RWKPO
P0.)H&1POP0.)H&1POP00J&OPO[3%6
POYY7ULWRQ;DGDTXDELGHVW$IWHUWKHVWDLQLQJVDPSOHVZHUHZDVKHG
 WLPHVPLQXWHVLQ[3%6DQGZHUHPRXQWHG)OXRURPRXQW6RXWKHUQ%LRWHFK
$OOVDPSOHVZHUHDQDO\VHGE\DGLJLWDOVWHUHRPLFURVFRSH9+=5.H\HQFH

+HPDWR[LOLQDQG(RVLQ+(6WDLQLQJ
7KH  ȝP SDUDIILQ VHFWLRQV ZHUH GHSDUDIILQL]HG IRU  [  PLQXWHV LQ [\ORO DQG
UHK\GUDWHGLQGHFUHDVLQJFRQFHQWUDWLRQVRIHWKDQRO
YYHDFKWLPHPLQXWHV7KLVVWHSZDVIROORZHGE\VKRUWO\ULQVLQJWKHVDPSOHVLQ
DTXDELGHVW6DPSOHVZHUHLQFXEDWHGLQKHPDWR[LOLQ&DUO5RWKIRUPLQXWHV,QRUGHU
WROHWWKHFRORUGHYHORSVHFWLRQVZHUHZDVKHGIRUPLQXWHVLQZDUPUXQQLQJZDWHU
DQG WKHQ VWDLQHG ZLWK HRVLQ &DUO 5RWK IRU  VHFRQGV 7LVVXH VHFWLRQV ZHUH
GHK\GUDWHGE\LQFUHDVLQJFRQFHQWUDWLRQVRIHWKDQROYYHDFKIRU
 PLQXWHV DQG ILQDOO\ ZDVKHG LQ [\ORO  WLPHV IRU  PLQXWHV HDFK 6DPSOHV ZHUH
HPEHGGHGXVLQJHQWHOODQ)RUWKHTXDQWLILFDWLRQRI3XUNLQMHFHOOVLPDJHVZHUHWDNHQ
ZLWK WKH=HLVV$[LRVNRSPLFURVFRSH3XUNLQMH FHOOVZHUH FRXQWHGXVLQJ WKH FHOO


FRXQWHUSOXJLQRI WKH ,PDJH-VRIWZDUH1DWLRQDO ,QVWLWXWHVRI+HDOWK%HWKHVGD)RU
VWDWLVWLFDODQDO\VLV WKHQXPEHURI3XUNLQMHFHOOVSHUȝPOHQJWKRI WKH3XUNLQMH
FHOO OD\HUZDVDYHUDJHGPHDQ6(0PLFHSHUJHQRW\SHZHUHDQDO\]HGDQG
VHFWLRQVRIFHUHEHOOXPSHUPLFHZHUHWDNHQIRUWKHVWDWLVWLFDOWHVWV

1LVVOVWDLQLQJ
,QRUGHUWRYLVXDOL]HEUDLQVWUXFWXUHVFUHV\OYLROHWVWDLQLQJZDVXVHGRQȝPVHFWLRQV
)ROORZLQJGHSDUDIILQL]DWLRQDQG UHK\GUDWLRQ DV VHHQDERYH+(VWDLQLQJ6HFWLRQV
ZHUH VWDLQHGZLWK SUHZDUPHGFUHV\O YLROHW IRU PLQXWHV$IWHU ULQVLQJ LQ [
3%6VHFWLRQVZHUHGHK\GUDWHGDQGZDVKHG LQ;\ORO IRUPLQXWHVHDFKDQGILQDOO\
HPEHGGHGE\HQWHOODQ,PDJHVZHUHFDSWXUHGZLWKDQ2O\PSXV'3PLFURVFRSH

,PPXQRKLVWRFKHPLVWU\

%UDLQDQGVSLQDOFRUG
)UHHIORDWLQJ EUDLQ DQG VSLQDO FRUG FU\RVHFWLRQV  ȝP ZHUH WDNHQ WR SHUIRUP
LPPXQKLVWRFKHPLFDOVWDLQLQJV6HFWLRQVZHUHZDVKHGWLPHVPLQXWHVLQ[3%6
WKHQWLVVXHVZHUHSHUPHDELOL]HGE\3%6ZLWK7ULWRQ;IRU[PLQXWHV
,Q RUGHU WR DYRLG XQVSHFLILF VWDLQLQJ WLVVXHVZHUH LQFXEDWHG LQ D EORFNLQJ VROXWLRQ
QRUPDOJRDWVHUXP0LOOLSRUHLQZDVKEXIIHU[3%6ZLWK7ULWRQ;
IRUKDWURRPWHPSHUDWXUH6OLFHVZHUHVWDLQHGZLWKWKHSULPDU\DQWLERG\GLOXWHGLQ
EORFNLQJVROXWLRQRYHUQLJKWDW&7KHQVDPSOHVZHUHZDVKHGZLWKZDVKEXIIHUIRU
WLPHVPLQXWHV$IWHU LQFXEDWLRQZLWK WKHVHFRQGDU\DQWLERG\ LQEORFNLQJVROXWLRQ
IRU K DW URRP WHPSHUDWXUH VDPSOHV ZHUH ZDVKHG DJDLQ VWDLQHG ZLWK +RHFKVW
ȝJPOWRYLVXDOL]HQXFOHLDQGPRXQWHG)XUWKHUDQDO\VLVZDVSHUIRUPHG
E\FRQIRFDOPLFURVFRS\7&663/HLFD
)RU WKH TXDQWLILFDWLRQ RI QHXURQV LQ WKH PRWRU FRUWH[ VDJLWWDO EUDLQ VHFWLRQV ZHUH
VWDLQHGIRU WKHQHXURQDOPDUNHU1HX1 ,PDJHVRI WKHPRWRUFRUWH[RIZLOGW\SHDQG
NQRFNRXW EUDLQV ZHUH WDNHQ DW FRPSDUDEOH SRVLWLRQV %HWZHHQ JHQRW\SHV DQG
VDPSOHVDOOSDUDPHWHUVZHUHNHSWFRQVWDQWLQFOXGLQJWKH]6WDFNRSWLFDOVHFWLRQV
LQD]YROXPHRIȝPVSHHGRIVFDQ+]GHWHFWRUJDLQRI90D[LPXP
SURMHFWLRQ LQWHQVLW\ LPDJHV FDOFXODWHG ZLWK WKH KHOS RI ,PDJH- VRIWZDUH ZHUH
H[SRUWHG DV7,)) IRUPDWV DQG QHXURQV SHU DUHDZHUH FRXQWHG 6WDWLVWLFDO DQDO\VLV


ZDVREWDLQHGIURPDQLPDOVSHUJHQRW\SHDQGWKHUHVXOWVDUHSUHVHQWHGDVPHDQ
6(0*OLRVLV ZDV DQDO\]HG XVLQJ DPRXVH DQWL*)$3 DQWLERG\ RQ  ȝP VDJLWWDO
EUDLQDQGFRURQDOVSLQDOFRUGVHFWLRQV
7RFKDUDFWHUL]HWKHFHOOXODURULJLQRIWKHDXWRIOXRUHVFHQWPDWHULDOVSHFWUDODQDO\VLVRQ
EUDLQVHFWLRQVZDVSHUIRUPHGDWWKH%LRPROHFXODU3KRWRQLFV*URXSRIWKH8QLYHUVLW\
RI-HQD6DPSOHVZHUHVWDLQHGDJDLQVWWKHUDWDQWL/DPSPRXVHDQWLSRUUDEELW
DQWL/&UHVSHFWLYHO\ ,QHDFKFDVHZHXVHGVHFRQGDU\DQWLERGLHVFRXSOHG WR&\
)OXRUHVFHQFH LPDJHV ZHUH UHFRUGHG E\ D FRQIRFDO ODVHU VFDQQLQJ PLFURVFRSH
/60&DUO=HLVV-HQD$XWRIOXRUHVFHQFHZDVH[FLWHGZLWKWKHQPOLQHRIDQ
DUJRQLRQODVHU7KH&\WDJRI WKHVHFRQGDU\DQWLERGLHVZDVH[FLWHGZLWK WKH
QPOLQHRID+H1H/DVHU)OXRUHVFHQFHHPLWWHGIURPWKHVDPSOHZDVUHFRUGHGZLWK
WKHVSHFWUDOGHWHFWRURI WKHPLFURVFRSH LQ WKHZDYHOHQJWK UDQJH IURPQP
8QVWDLQHG VDPSOHV ZHUH XVHG DV FRQWUROV WR VXEVWUDFW EDFNJURXQG 7KH
FRORFDOL]DWLRQRIWKH&\G\HZLWKWKHDXWRIOXRUHVFHQFHFRPSRQHQWVZDVGHWHUPLQHG
E\DOLQHDUXQPL[LQJDOJRULWKP'LFNLQVRQHWDO=LPPHUPDQHWDO7KH
QXPEHU RI O\VRVRPHV GHILQHG DV /DPS SRVLWLYH DQG S QHJDWLYH YHVLFOHV ZDV
TXDQWLILHG LQ 3XUNLQMH FHOOV 7KUHHPLFH SHU JHQRW\SH DQG  FHOOV SHU PLFH ZHUH
XVHG IRU WKH TXDWLILFDWLRQ 2QO\ VHFWLRQV RI VRPDWD RI 3XUNLQMH FHOOV QRW H[WHQGLQJ
EH\RQG WKH LPDJH ERXQGDU\ DQG KLW YHUWLFDOO\ ZLWK UHVSHFW WR WKH QXFOHXV ZHUH
VHOHFWHG7KHQXPEHURIIUHHO\VRVRPHVZDVFDOFXODWHGDQGQRUPDOL]HGWRWKHDUHD
RIWKHFHOOVRPDZLWK,PDJH-DQGUHVXOWVDUHVKRZQDVPHDQ6(0

0()V
&HOOVZHUHIL[HGLQ3)$IRUPLQXWHVRQURRPWHPSHUDWXUHWKHQULQVHGEULHIO\
IRU  WLPHV ZLWK [ 3%6 IROORZHG E\ SHUPHDELOL]LQJ IRU  PLQXWHV DW URRP
WHPSHUDWXUH LQ [ 3%6 VXSSOHPHQWHG ZLWK  7ULWRQ; )RU EORFNLQJ  JRDW
VHUXPLQ[3%67ULWRQ;ZDVXVHGIRUKDWURRPWHPSHUDWXUH7KHSULPDU\
DQGVHFRQGDU\DQWLERGLHVZHUHGLVVROYHG LQEORFNLQJVROXWLRQDVZULWWHQDERYHDQG
+RHFKVWZDVXVHGWRVWDLQQXFOHL%HWZHHQWKHDQWLERG\VWDLQLQJVZDVKLQJ
VWHSVZHUH LQFOXGHGZLWK[3%67ULWRQ;)LQDOO\FRYHUVOLSVZHUHPRXQWHG
DQG DQDO\VHG E\ 7&663 FRQIRFDOPLFURVFRSH /HLFD 7KH TXDQWLILFDWLRQ RI IUHH
O\VRVRPHVLQ0()VZDVGRQHVLPLOLDUO\WR3XUNLQMHFHOOV)RUWKHDQDO\VLVFRYHUVOLSV
SHU JHQRW\SH DQG  FHOOV SHU FRYHUVOLSV ZHUH XVHG IRU HDFK WLPH SRLQW &R


ORFDOL]DWLRQEHWZHHQ/DPSDQGSZDVGHWHUPLQHGLQ%LR,PDJH;'IUHHVRIWZDUH
ZZZELRLPDJH[GQHWDVSUHYLRXVO\GHVFULEHG.DQNDDQSDDHWDO

,QWUDO\VRVRPDOS+PHDVXUHPHQW
/\VRVRPDOS+PHDVXUHPHQWVZHUHFDUULHGRXWDVGHVFULEHGSUHYLRXVO\ :HLQHUWHW
DO  0RUH WKDQ  O\VRVRPHV IURP  LQGHSHQGHQW H[SHULPHQWV ZHUH
DQDO\VHGSHUJHQRW\SH

8OWUDVWUXFWXUDODQDO\VLV
7KH(OHFWURQ0LFURVFRS\&HQWHURIWKH8QLYHUVLW\RI-HQDSURYLGHGWKHIDFLOLW\IRUWKH
XOWUDVWUXFWXUDODQDO\VLV7KHȝPVHFWLRQVRIEUDLQDQGVSLQDOFRUGZHUHZDVKHG
ZLWK3%6 IRU  WLPHVPLQXWHV$IWHUZDVKLQJ WKUHH WLPHVZLWK FDFRG\ODWHEXIIHU
 0 S+  VDPSOHV ZHUH SRVWIL[HG ZLWK  ZY RVPLXP WHWUR[LGH LQ
FDFRG\ODWH EXIIHU 1H[W LQ DVFHQGLQJ HWKDQRO VHULHV VWDLQLQJ ZLWK  ZY XUDQ\O
DFHWDWH ZDV GRQH $IWHU HPEHGGLQJ LQ DUDOGLWH VHPLWKLQ VHFWLRQV  P ZHUH
SUHSDUHGZLWKDJODVVNQLIHXVLQJDQXOWUDPLFURWRPHDQGVWDLQHGZLWK WROXLGLQHEOXH
 ZY WROXLGLQH EOXH  ZY ERUDWH LQ DTXDELGHVW IRU OLJKW PLFURVFRSLF
RULHQWDWLRQDQGQPXOWUDWKLQVHFWLRQVZHUHFXWXVLQJDGLDPRQGNQLIHDQGILQDOO\
VWDLQHGZLWKOHDGFLWUDWHLQRUGHUWRJHWDQDSSURSULDWHFRQWUDVWRIFHOOXODUVWUXFWXUHV
7KH VDPSOHV ZHUH LQYHVWLJDWHG XVLQJ D (0  =HLVV WUDQVPLVVLRQ HOHFWURQ
PLFURVFRSH
,Q RUGHU WR TXDQWLI\ ODUJHGLDPHWHU D[RQV LPDJHVZHUH FDSWXUHGZLWK DQ2O\PSXV
'3PLFURVFRSH/DUJHD[RQVZHUHGHILQHGDVKDYLQJDGLDPHWHUODUJHUWKDQȝP
7KHVHD[RQDOVWUXFWXUHVZHUHFRXQWHGSHUJHQRSW\SHVQ DQGUHVXOWVDUHVKRZQ
DVPHDQ6(0

3URWHLQELRFKHPLVWU\

3URWHLQH[WUDFWLRQ
%UDLQWLVVXHO\VDWHVZHUHSUHSDUHGIRUZHVWHUQEORWWLQJZLWKDQ8OWUD7XUUD[7WLVVXH
KRPRJHQL]HU ,.$:(5.( *HUPDQ\ LQ KRPRJHQL]DWLRQ EXIIHU P0 7ULV+&O
S+P0('7$P01D)YY*O\FHUROZY6'6DQGFRPSOHWH
SURWHDVH LQKLELWRU 5RFKH +RPRJHQDWHV ZHUH FHQWULIXJHG DW  J WR UHPRYH


QXFOHLDQGLQVROXEOHGHEULV)RUGHWHFWLQJS7ULWRQ;LQVROXEOHIUDFWLRQVZHUH
SUHSDUHGDVSUHYLRXVO\GHVFULEHG.ROOPDQHWDO3URWHLQFRQFHQWUDWLRQZDV
GHWHUPLQHG E\ WKH ELFLQFKRQLQLF DFLG SURWHLQ DVVD\ 3LHUFH DQG WKH 1DQRGURS
SKRWRPHWHU %LRWHFKQRORJLH *PE+ 3URWHLQ FRQFHQWUDWLRQ ZDV DGMXVWHG ZLWK WKH
DSSURSULDWHVDPSOHEXIIHU/DHPPOLEXIIHUP07ULV+&OYYJO\FHURO
ZY 6'6   YY EURPSKHQRO EOXH   YY PHUFDSWRHWKDQRO ZDV
DGGHGDQGVDPSOHVZHUHGHQDWXUHGIRUPLQXWHVDW&

,PPXQREORWWLQJ
)RU LPPXQREORWWLQJ  ȝJ RI SURWHLQ ZDV VHSDUDWHG E\ UHGXFLQJ 6'6 
SRO\DFU\ODPLGHJHOHOHFWURSKRUHVLVDQGWUDQVIHUUHGRQWR39')PHPEUDQHV5RFKH
$IWHUEORFNLQJZYQRQIDWGU\PLONSRZGHUZY%6$LQ7%67
P0 1D&O  P0 .&O  P0 7ULV EDVH   ZY 7ZHHQ IRU  K DW URRP
WHPSHUDWXUHEORWVZHUHLQFXEDWHGZLWKWKHUHVSHFWLYHSULPDU\DQWLERGLHVRYHUQLJKW
&'HWHFWLRQZDVDFKLHYHGXVLQJSHUR[LGDVHFRXSOHGVHFRQGDU\DQWLERGLHVK
URRP WHPHUDWXUH DSSO\LQJ WKH (&/ 3OXV:HVWHUQ %ORWWLQJ 'HWHFWLRQ 6\VWHP *(
+HDOWKFDUHRQD/$6V\VWHP*(+HDOWKFDUH)RUWKHGHWHFWLRQRI6SDWDFVLQ
DQWLERG\ WKH 6XSHU 6LJQDO :HVWHUQ %ORW (QKDQFHU .LW 7KHUPR 6FLHQWLILF ZDV
XWLOL]HG'HQVLWRPHWU\LQ,PDJH-ZDVXVHGIRUTXDQWLI\LQJEDQGLQWHQVLW\

6WDWLVWLFV
:KHQ FRPSDULQJ RI WZR H[SHULPHQWDO JURXSV WKH XQSDLUHG SDUDPHWULF WZRWDLOHG
6WXGHQW¶VWWHVWZDVXVHG)RUUHSHDWHGPHDVXUHPHQWVLQRUGHUWRFRPSDUHEHWZHHQ
JHQRW\SHV WZRZD\ $129$ IROORZHG E\ %RQIHUURQL SRVWKRF WHVW ZDV DSSOLHG
6LJQLILFDQFH ZDV FRQVLGHUHG DW SYDOXHV   LQGLFDWHV S  LQGLFDWHV
SLQGLFDWHVS


5HVXOWV

*HQHUDWLRQRIFRQVWLWXWLYH6SDWDFVLQNQRFNRXWPLFH
,Q RUGHU WR VWXG\ WKH SK\VLRORJLFDO UROH RI 63* LQ YLYR ZH FUHDWHG D JHQHWUDS
EDVHGNQRFNRXWPRXVHPRGHO:HVHOHFWHGWKH(8&(B)(6FHOOFORQHIURP
WKH (XURSHDQ FRQGLWLRQDO PRXVH PXWDJHQHVLV SURJUDP (8&200 KDUERXULQJ D
JHQHWUDS FDVVHWWH LQ WKH ILUVW LQWURQ RI WKH 6SJ JHQH )LJ $ 7KH JHQH WUDS
FDVVHWWH FRQVLVWV RI D ¶ VSOLFH DFFHSWRU VLWH 6$ D SURPRWHUOHVV UHSRUWHU JHQH
ȕJHRDQG¶SRO\DGHQ\ODWLRQVLWHS$)LJ$7KHSUHGLFWHGWUDQVFULSWHQFRGHVD
IXVLRQSURWHLQFRQVLVWLQJRI WKH1WHUPLQDOSDUWRI6SJDQGJHR )LJ$¶¶¶7KH
(6 FHOO FORQHZDV LQMHFWHG LQWR GRQRU EODVWRF\VWV ZKLFKZHUH WKHQ LPSODQWHG LQWR
SVHXGRSUHJQDQW IRVWHU PRWKHUV 7KH UHVXOWLQJ FKLPHUDV ZHUH PDWHG ZLWK &%O
ZLOGW\SH:7DQLPDOV+HWHUR]\JRXVRIIVSULQJZDVVXEVHTXHQWO\PDWHG LQRUGHU WR
JHQHUDWH KRPR]\JRXV NQRFNRXW PLFH 2IIVSULQJV ZHUH ERUQ LQ WKH H[SHFWHG
0HQGHOLDQ UDWLR DQG WKH SUHVHQFH RI FRQWURO DQG PXWDQW JHQRW\SHV LQ WKH )
JHQHUDWLRQZDVFRQILUPHGE\JHQRW\SLQJ3&5)LJ%$VH[SHFWHG1RUWKHUQ%ORW
DQDO\VLV XVLQJ D SUREH WDUJHWLQJ D SDUW RI H[RQ  RI 6SJ GHWHFWHG D  NE
WUDQVFULSW LQ 51$ LVRODWHG IURP ZLOGW\SH EUDLQ WLVVXH ZKLFK ZDV DEVHQW IURP
NQRFNRXWVDPSOHV)LJ&

9DOLGDWLRQRIWKHDQWL6SDWDFVLQDQWLERG\
7R GHWHFW WKH 6SDWDFVLQ SURWHLQ ZH JHQHUDWHG D PRQRFORQDO DQWLERG\ GLUHFWHG
DJDLQVWDQHSLWRSHZLWKLQ WKHĮVROHQRLGGRPDLQRI6SDWDFVLQ )LJ$¶¶DUURZKHDG
DQG DIILQLW\SXULILHG WKH UHVXOWLQJ DQWLVHUXP 7KH DQWLERG\ GHWHFWHG D EDQG RI WKH
H[SHFWHGVL]HRI6SDWDFVLQRIURXJKO\N'DLQFRQWUROVDPSOHVZKLFKZDVDEVHQW
LQNQRFNRXWWLVVXHO\VDWHV)LJ'

([SUHVVLRQDQDO\VLVRI6SDWDFVLQLQWHUDFWLQJSDUWQHUV
7R DVVHV ZKHWKHU WKH H[SUHVVLRQ OHYHOV RI 6SDWDFVLQ LQWHUDFWLQJ SDUWQHUV OLNH
6SDVWL]LQDQGWKHVXEXQLWRIWKH$3FRPSOH[+LUVWHWDODUHDOWHUHGXSRQ
6SJGLVUXSWLRQEUDLQSURWHLQ O\VDWHVZHUHXVHG6SDVWL]LQ OHYHOVZHUH UHGXFHG LQ
EUDLQO\VDWHVRI6SDWDFVLQNQRFNRXWPLFHZKLOHWKHOHYHOVRIWKHRIWKH$3FRPSOH[
$SEZHUHQRWFKDQJHG)LJ(*LQNQRFNRXWVDPSOHV


 
)LJXUH+RPR]\JRXVWUDSSHGPLFHUHSUHVHQW6SDWDFVLQNQRFNRXWPLFH
$ 3DUWLDO JHQRPLF VWUXFWXUH RI WKH WDUJHWHG 6SJ ORFXV UHFWDQJOHV H[RQV $ 7KH
VWUXFWXUH RI WKH JHQH WUDS FDVVHWWH $7* VWDUW FRGRQ 6$ VSOLFH DFFHSWRU ȕJHR ȕ
JDODFWRVLGDVH DQG QHRP\FLQ IXVLRQ FDVVHWWH S$ SRO\DGHQ\ODWLRQ VLWH $ 3UHGLFWHG
VHFRQGDU\ VWUXFWXUH RI:76SDWDFVLQ DUURZKHDG SRVLWLRQ RI DQWLERG\ HSLWRSH $ 7KH
6SJJHR IXVLRQ SURWHLQ % 3&5 LGHQWLILHV D  ES:7DQG D ES.2DOOHOH &
1RUWKHUQEORW DQDO\VLVZLWKDSUREHGLUHFWHGDJDLQVW H[RQRI6SJ RI WRWDO EUDLQ51$
IURPZLOGW\SH:7PLFHGHWHFWVDNEWUDQVFULSWLQ:7ZKLFKLVDEVHQWLQ51$LVRODWHG
IURPKRPR]\JRXVWUDSSHGPLFH.2*DSGKVHUYHGDVD ORDGLQJFRQWURO':HVWHUQ%ORW
DQDO\VLVZLWKDQDIILQLW\SXULILHGPRQRFORQDODQWLERG\GLUHFWHGDJDLQVWWKHGHOHWHGSDUWRIWKH
6SDWDFVLQSURWHLQWKHSRVLWLRQRIWKHHSLWRSHLVLQGLFDWHGLQ$E\DQDUURZKHDGVKRZVD
EDQG RI WKH SUHGLFWHG VL]H LQ :7 EUDLQ O\VDWHV ZKLFK LV DEVHQW LQ EUDLQ O\VDWHV RI
KRPR]\JRXVWUDSSHGPLFH7XEXOLQVHUYHGDVDORDGLQJFRQWURO(),PPXQREORWDQDO\VLVRI
6SDVWL]LQ UHYHDOV WKDW LWV OHYHOHV DUH GLPLQLVKHG LQ EUDLQ ( ZKHUHDV OHYHOV RI WKH EHWD
VXEXQLWRIWKH$3FRPSOH[$SEDUHQRWFKDQJHG)*4XDQWLILFDWLRQRILPPXQREORWV
VKRZVLJLQLILFDQWGHFUHDVHRI6SDVWL]LQ LQNQRFNRXWVDPSOHVZKLOH$SEZHUHXQFKDQJHG
Q 6WXGHQW¶VWWHVWLQGLFDWHVSQVQRWVLJQLILFDQW



([SUHVVLRQRI6SJLQWKHPXULQHQHUYRXVV\VWHP
7KHH[SUHVVLRQRIWKHIXVLRQSURWHLQHQFRPSDVVLQJWKHJHRFDVVHWWHXQGHUFRQWURO
RI WKHHQGRJHQRXV6SJ SURPRWHUZDVXVHG WR VWXG\6SJH[SUHVVLRQE\ /DF=
VWDLQLQJV/DF=VWDLQLQJRQWLVVXHVHFWLRQVRIKHWHUR]\JRXVWUDSSHGPLFHUHYHDOHGD
QHXURQDO H[SUHVVLRQ SDWWHUQ RI 6SJ /DF= VLJQDOV ZHUH GHWHFWHG LQ FRUWLFDO
QHXURQV)LJ$VSLQDOFRUGQHXURQV)LJ%DQGFHUHEHOODU3XUNLQMHFHOOV )LJ
&ZKLFKZHUHDEVHQWLQWLVVXHVRIZLOGW\SHPLFH
)LJXUH6SJH[SUHVVLRQ
/DF=VWDLQLQJVRIWLVVXHVHFWLRQVIURPPRQWKROGKHWHUR]\JRXV WUDSSHGPLFH UHYHDOVWKDW
6SJ H[SUHVVLRQ IROORZV D QHXURQDO SDWWHUQ LQFOXGLQJ FRUWH[ $ VSLQDO FRUG % DQG
FHUHEHOOXP&&RUWLFDOOD\HUVDUHODEHOHG,±9,*/JUDQXODUOD\HU3&/3XUNLQMHFHOOOD\HU
0/PROHFXODUOD\HU6FDOHEDUVȝP

6SDWDFVLQNQRFNRXWPLFHGHYHORSDSURJUHVVLYHJDLWGLVRUGHUZLWKDWD[LD
$VFRPSDUHGWR:7OLWWHUPDWHVQRHYLGHQWSKHQRW\SHZDVREVHUYHGLQ6SDWDFVLQ.2
PLFH\RXQJHUWKDQPRQWKVRIDJH.QRFNRXWPLFHZHUHYLDEOHIHUWLOHDQGWKH\GLG
QRWVKRZDQ\GLIIHUHQFHLQVL]HRUZHLJKW)LJ)XQWLOPRQWKVRIDJHZKHQWKH
PRWRU SKHQRW\SH VWDUWHG WR HYROYH 0XWDQW DQPLDOV GHYHORSHG D SURJUHVVLYH JDLW
GLVRUGHU ZLWK DWD[LD SDUDOOHOHG E\ ZHLJKW ORVV DQG DQ DEQRUPDO N\SKRWLF SRVWXUH
DOWKRXJKWKHLURYHUDOOVXUYLYDOGLGQRWGLIIHUIURPFRQWUROPLFHGDWDQRWVKRZQ0RWRU
FRRUGLQDWLRQ ZDV DGGUHVVHG E\ DQ DFFHOHUDWLQJ URWDWLQJ URG DQDO\VLV 2XU UHVXOWV
UHYHDOHG WKDW DJHG 6SJ NQRFNRXW PLFH IHOO RII WKH URG VLJQLILFDQWO\ HDUOLHU DV
FRPDSUHG WRZLOGW\SH FRQWUROV )LJ ' 7R TXDQWLI\ WKH JDLW DEQRUPDOLW\ ZH DOVR
DQDO\VHGWKH IRRWEDVHDQJOH)%$RI WKHKLQGSDZVDW WRHRIISRVLWLRQ,ULQWFKHYHW


DO  7KLV LV PHDVXUHG GXULQJ WKH EHDP ZDONLQJ WHVW 0LFH DUH WUDLQHG WR
WUDYHUVHDFPWKLFNEHDPLQRUGHU WRUHDFKWKHLUKRPHFDJHZKLOH WKH\DUHYLGHR
UHFRUGHG7KHJDLWGHILFLWPDQLIHVWHGDWPRQWKVRIDJHZKHQ WKH)%$ IODWWHQHG
)LJ$&7RVWXG\DWD[LDZHXVHGWKHEHDPEDODQFHWHVW7KLV WDVNLVSHUIRUPHG
RQDFPWKLQEHDPZKLFKWKHPLFHKDVWRWUDYHUVHDQGWKHQXPEHURIVOLSVDQGIDOOV
DUHTXDQWLILHG$JHGNQRFNRXWPLFH IHOORIIWKHEHDPPRUHIUHTXHQWO\ WKDQZLOGW\SH
OLWWHUPDWHV)LJ(
)LJXUH6SDWDFVLQNQRFNRXWPLFHKDYHDVHYHUHVSDVWLFDQGDWD[LFJDLWGLVRUGHU
$%6LQJOHYLGHRIUDPHVRID:7$DQG.2%PRXVHDWPRQWKVRIDJHZDONLQJRQD
EHDPDWWKHPRPHQWZKHQWKHWRHRIWKHKLQGOLPELVWDNHQRII7KHIRRWEDVHDQJOH)%$LV
LQGLFDWHGE\ZKLWH OLQHV &3URJUHVVLYHGHFUHDVHRI)%$RYHU WLPH LQ.2EXWQRW LQ:7
PLFH Q ZD\$129$ S %RQIHUURQL SRVWKRF DQDO\VLV  LQGLFDWHVS
DQGS '7KHODWHQF\WRIDOORIIDQDFFHOHUDWLQJURWDWLQJURGGHFOLQHVRYHUWLPHLQ
.2PLFH Q ZD\$129$S %RQIHUURQLSRVWKRFDQDO\VLV  LQGLFDWHVS
(2OG.2PLFHIDOORII WKHEHDPPRUHIUHTXHQWO\WKDQFRQWUROPLFHQ ZD\$129$
S %RQIHUURQLSRVWKRFDQDO\VLVLQGLFDWHVS(UURUEDUVUHSUHVHQW6(0 )
6SDWDFVLQ .2 PLFH ORVH ERG\ ZHLJKW VWDUWLQJ DURXQG  PRQWKV RI DJH Q  ZD\
$129$S%RQIHUURQLSRVWKRFDQDO\VLVLQGLFDWHVSDQGS



&RUWLFDO PRWRQHXURQV DQG 3XUNLQMH FHOOV DUH SURJUHVVLYHO\ ORVW LQ 6SDWDFVLQ
NQRFNRXWPLFH
$WPRQWKVRIDJHWKHVL]HRIWKHEUDLQ)LJ$%ZDVUHGXFHGFRPSDUHGWR:7
ZKLFK ZDV PRVW HYLGHQW DW WKH FRUWH[ DQG FHUHEHOOXP 6XJJHVWLQJ D V\VWHPLF
QHXURGHJHQHUDWLYHGLVRUGHUWKLVGLIIHUHQFHZDVQRWSUHVHQWDWPRQWKVRIDJHZKHQ
WKH RYHUDOO VWUXFWXUH RI WKH EUDLQ RI NQRFNRXW PLFH ZDV XQDOWHUHG ,Q RUGHU WR
LQYHVWLJDWH ZKHWKHU ORQJ SURMHFWLRQ PRWRUQHXURQV GHJHQHUDWH XSRQ GLVUXSWLRQ RI
6SJWKHQXPEHURI1HX1SRVLWLYHQHXURQVLQGHHSFRUWLFDOOD\HUV9DQG9,RIWKH
PRWRU FRUWH[ ZDV TXDQWLILHG )LJ '(:KLOH LW ZDV VLJQLILFDQWO\ UHGXFHG DW 
PRQWKV RI DJH )LJ ) WKLV GLIIHUHQFH ZDV QRW GHWHFWHG EHWZHHQ JHQRW\SHV LQ
VDPSOHV IURPPRQWKROGPLFH1HXURQQXPEHUV LQ OD\HUV ,,,,ZKHUHPRVWRI WKH
FRPPLVVXUDO QHXURQV UHVLGH *UHLJ HW DO  ZHUH XQFKDQJHG )LJ )
&RQVLVWHQWO\WKHVL]HRIWKHFRUSXVFDOORVXPZDVQRWGLIIHUHQWLQDJHGNQRFNRXWPLFH
)LJ *+ %HFDXVH RI WKH DWD[LD DQG WKH FHUHEHOODU DWURSK\ LQ DJHG NQRFNRXW
PLFH ZH DOVR DVVHVVHG WKH FHUHEHOOXP ,QGHHG KLVWRORJLFDO LQYHVWLJDWLRQ RI WKH
FHUHEHOOXPGLVFORVHGWKDW3XUNLQMHFHOOV)LJ,-ZHUHDOPRVWFRPSOHWHO\DEVHQWLQ
PRQWKROGNQRFNRXWPLFHZKHUHDVLQPRQWKROGDQLPDOVWKHQXPEHURI3XUNLQMH
FHOOVZDVXQFKDQJHG)LJ.


)LJXUH 6SDWDFVLQ NQRFNRXWPLFH GLVSOD\ VHYHUH QHXURQ ORVV LQ WKHPRWRU FRUWH[
DQGWKHFHUHEHOOXP
$%%UDLQVL]H LV UHGXFHG LQPRQWKROG.2FRPSDUHG WR:7PLFH6FDOHEDUVPP
&3URJUHVVLYH UHGXFWLRQ RI EUDLQ ZHLJKW LQ .2PLFH Q  6WXGHQW¶V WWHVW  LQGLFDWHV
S ')1HXURQ ORVV LQ WKHPRWRUFRUWH[RIPRQWKROG.2PLFH+RHFKVW
EOXHQXFOHLDQG1HX1UHGQHXURQDOPDUNHUVWDLQLQJRIWKHPRWRUFRUWH[DWPRQWKVRI
DJHIURP:7'DQG.2(PLFH,QGLYLGXDOFRUWLFDO OD\HUVDUH ODEHOHG,±9,6FDOHEDUV
ȝP4XDQWLILFDWLRQRI1HX1SRVLWLYHFHOOV)UHYHDOVDGHSOHWLRQRIQHXURQVIURPOD\HUV
99,EXWQRWOD\HUV,,,,RIWKHPRWRUFRUWH[DWPRQWKVRIDJHLQWKH.26WXGHQW¶VWWHVW
LQGLFDWHVS*+1LVVOVWDLQLQJVRIVDJLWWDOEUDLQVHFWLRQVGRQRWVXSSRUWDWKLQQLQJ
RI WKH FRUSXV FDOORVXP RI PRQWKROG .2PLFH + DV FRPSDUHG WR:7 OLWWHUPDWHV *
6FDOHEDUVȝP,.3XUNLQMHFHOOORVVLQDJHG.2-EXWQRW:7,PLFH4XDQWLILFDWLRQ
RI 3XUNLQMH FHOOV . RQ KHPDWR[\OLQHRVLQ VWDLQHG FHUHEHOOXP VHFWLRQV LQGLFDWHV D VHYHUH
ORVVRI3XUNLQMHFHOOV LQDJHG.2PLFH Q 6WXGHQW¶V WWHVW  LQGLFDWHVS6FDOH
EDUVȝP

$[RQGHJHQHUDWLRQLQ6SJNQRFNRXWPLFHVSLQDOFRUG
7KHWKLFNQHVVRIWKHVSLQDOFRUGRIDJHGPLFHZDVUHGXFHGGDWDQRWVKRZQ$VRQH
RIWKHIHDWXUHVRI+63VKLVWRORJLFDODQDO\VLVRIVHPLWKLQOXPEDUVSLQDOFRUGVHFWLRQV


UHYHDOHGWKDWWKHQXPEHURIODUJHGLDPHWHUD[RQILEHUVZLWKLQWKHFRUWLFRVSLQDOWUDFWRI
NQRFNRXWPLFHZHUHVLJLQLILFDQWO\UHGXFHGDWDQGPRQWKVRIDJHZKHUHDVWKLV
GLIIHUHQFHZDV QRW GHWHFWHG EHWZHHQ JHQRW\SHV DW  PRQWKV RI DJH )LJ $&
6ZROOHQD[RQVZHUHDOUHDG\REVHUYHGLQOXPEDUUHJLRQVRIPXWDQWPLFHVSLQDOFRUG
EHIRUHRYHUWORVVRIFRUWLFDOPRWRQHXURQV)LJ'

 
)LJXUH6SLQDOFRUGDEQRUPDOLWLHVLQ6SDWDFVLQNQRFNRXWPLFH
$&6HPLWKLQVHFWLRQVRIWKHOXPEDUFRUWLFRVSLQDOWUDFWVKRZDORVVRIODUJHGLDPHWHUD[RQV
LQ DQGPRQWKROG.2PLFH Q 6WXGHQW¶V WWHVW  LQGLFDWHVS6FDOHEDUV
ȝP'7UDQVPLVVLRQHOHFWURQPLFURVFRS\RIDGHJHQHUDWLQJD[RQLQDQPRQWKROG.2
PRXVH6FDOHEDUȝP

1HXURQORVVLVSUHFHGHGE\WKHDFFXPXODWLRQRIDXWRIORXUHVFHQWPDWHULDO
,Q GHJHQHUDWLQJ QHXURQV ZH REVHUYHG DQ LQWUDQHXURQDO DFFXPXODWLRQ RI
DXWRIOXRUHVFHQW PDWHULDO HPLVVLRQ ZDYHOHQJWK  QP )LJ $' 7KLV
PDWHULDOZDVDOUHDG\SUHVHQWLQNQRFNRXWWLVVXHDWHDUO\WLPHSRLQWVPRQWKV)LJ
% DQG WKH DPRXQW RI LW GUDVWLFDOO\ LQFUHDVHG RYHU WLPH )LJ ' ,Q :7
DXWRIOXRUHVFHQW PDWHULDO ZDV RQO\ IRXQG LQ  PRQWKV ROG PLFH DQG )LJ &
DSSHDUHG DV VPDOO SXQFWD OLNH VWXFWXUHV ZKHUHDV LW ZDV FRPSOHWHO\ DEVHQW DW 
PRQWKV RI DJH )LJ $ ,Q .2 DXWRIOXRUHVFHQW PDWHULDO DOVR DFFXPXODWHG LQ
QHXURQV RI RWKHU EUDLQ UHJLRQV OLNH KLSSRFDPSXV DQG VSLQDO FRUG DV ZHOO )LJ
%)-1


 
)LJXUH  $FFXPXODWLRQ RI DXWRIOXRUHVFHQW PDWHULDO LQ 3XUNLQMH FHOOV RI 6SDWDFVLQ
NQRFNRXWPLFH
$&,Q3XUNLQMHFHOOVRIFRQWUROPLFHQRDXWRIOXRUHVFHQWGHSRVLWVZHUHQRWHGDWPRQWKVRI
DJH $ ZKLOH VRPH VPDOO & DXWRIOXRUHVFHQW $) SDUWLFOHV ZHUH IRXQG LQ PRQWK ROG
FRQWUROPLFH%'$XWRIOXRUHVFHQWVWUXFWXUHV$)LQ.23XUNLQMHFHOOVZHUHDOUHDG\REYLRXV
DWPRQWKVRIDJH%DQGWKHLUDPRXQWGUDPDWLFDOO\ LQFUHDVHGRYHUWLPH'3XUNLQMHFHOO
VRPDWD DUH PDUNHG E\ D GDVKHG OLQH $JH DQG VL]H DW VDPSOLQJ  PRQWKV $)
DXWRIOXRUHVFHQFH6FDOHEDUVȝP

*)$3SRVLWLYHDVWURF\WHVDUHDEXQGDQWLQEUDLQUHJLRQVZLWKQHXURQORVV
7R PRQLWRU ZKHWKHU DVWURF\WHV UHVSRQG WR WKH REVHUYHG QHXURQ ORVV LQ NQRFNRXW
FHQWUDOQHUYRXVV\VWHPZHVWDLQHGWLVVXHVHFWLRQVIRUWKHJOLDOILEULOODU\DFLGLFSURWHLQ
*)$3 ,QFUHDVHGH[SUHVVLRQRI*)$3ZDV UHVWULFWHG WR&16 UHJLRQVDIIHFWHGE\
QHXURQORVVQDPHO\WKHPRWRUFRUWH[OD\HUV9DQG9,DQGWKHFHUHEHOOXP)LJ$
'*)$3LPPXQUHDFWLYLW\ZDVQRWFKDQJHGLQWKHKLSSRFDPSXVDQGWKHVSLQDOFRUG
WKRXJK QHXURQV LQ WKHVH EUDLQ UHJLRQV DOVR DFFXPXODWHG DXWRIOXRUHVFHQW PDWHULDO
)LJ,3


)LJXUH $XWRIOXRUHVFHQFH DQG*)$3 LPPXQRUHDFWLYLW\ LQ GLIIHUHQW UHJLRQV RI WKH
FHQWUDOQHUYRXVV\VWHP
$' $W  PRQWKV RI DJH ZH REVHUYHG DQ DFFXPXODWLRQ RI DXWRIOXRUHVFHQW PDWHULDO LQ
FRUWLFDOQHXURQVRI6SDWDFVLQ.2PLFH%7KHQHXURQORVVZDVSDUDOOHOHGE\DQDFWLYDWLRQ
RI DVWURF\WHV LQ 6SDWDFVLQ .2 PLFH DV HYLGHQW IURP JOLDO ILEULOODU\ DFLGLF SURWHLQ *)$3
VWDLQLQJV ' &RUWLFDO OD\HUV DUH ODEHOHG ,±9, (+ $XWRIOXRUHVFHQW PDWHULDO DOVR
DFFXPXODWHGLQWKHFHUHEHOOXPRI6SDWDFVLQ.2PLFH)DQGZDVSDUDOOHOHGE\DFWLYDWLRQRI


DVWURF\WHV+*/JUDQXODUFHOO OD\HU3.&3XUNLQMHFHOO OD\HU0/PROHFXODU OD\HU6FDOH
EDUVȝP,31HXURQVLQWKHKLSSRFDPSXV,/DQGWKHVSLQDOFRUG03DFFXPXODWH
DXWRIOXRUHVFHQWPDWHULDO\HWQRDFWLYDWLRQRIDVWURJOLDZDVREVHUYHGLQ WKHVHUHJLRQV6FDOH
EDUVȝP$+DQGȝP,3&$&RUQXDPPRQLV$)DXWRIOXRUHVFHQFH

8OWUDVWUXFWXUDODQDO\VLV UHYHDOV WKHDFFXPXODWLRQRI OLSRIXVFLQOLNHPDWHULDO LQ
NQRFNRXW3XUNLQMHFHOOV
8OWUDVWUXFWXUDO DQDO\VLV RI 3XUNLQMH FHOOV UHYHDOHG VLQJOH PHPEUDQHERXQG YHVLFOHV
ILOOHG ZLWK KHWHURJHQHRXV PDWHULDO LQFOXGLQJ RUJDQHOOHOLNH VWUXFWXUHV DW GLIIHUHQW
VWDJHV RI GHJUDGDWLRQ LQ 6SDWDFVLQ .2 EXW QRW LQ:7 PLFH )LJ $% ,Q .2
VDPSOHVZHIXUWKHUREVHUYHGHOHFWURQGHQVHGHSRVLWVRILUUHJXODUVKDSHUHPLQLVFHQW
RIOLSRIXVFLQLQWHUVSHUVHGEHWZHHQDEQRUPDODXWRO\VRVRPHV)LJ%DUURZZKLOH
RQO\ VRPH W\SLFDO OLSRIXVFLQ SDUWLFOHVZHUH IRXQG LQ FRQWUROVRI WKH VDPHDJH )LJ
$DUURZKHDG
 
)LJXUH/LSRIXVFLQOLNHPDWHULDODFFXPXODWHVLQ6SDWDFVLQNQRFNRXWPLFH
$% 8OWUDVWUXFWXUDO DQDO\VLV RI .23XUNLQMH FHOOV UHYHDOV FOXVWHUV RI YHVLFXODU VWUXFWXUHV
ILOOHGZLWKDXWRSKDJLFPDWHULDODUURZVDQGLUUHJXODUO\VKDSHGHOHFWURQGHQVHOLSRIXVFLQOLNH
GHSRVLWV%DUURZZKLOHRQO\VRPHOLSRIXVFLQSDUWLFOHVDUHIRXQGLQ:7$DUURZKHDGV
6FDOHEDUVȝP

'HJHQHUDWLQJQHXURQVDFFXPXODWHDXWRSKDJ\UHODWHGPDWHULDOLQYLYR
7R FKDUDFWHUL]H WKH VXEFHOOXODU ORFDOL]DWLRQRULJLQ RI LQWUDQHXURQDO DXWRIOXRUHVFHQW
PDWHULDOLQPRUHGHWDLOZHVWDLQHGEUDLQVHFWLRQVRIPRQWKROGPLFHZLWKGLIIHUHQW


VXEFHOOXODU PDUNHU SURWHLQV (PLVVLRQ VSHFWUD RI DXWRIOXRUHVFHQW GHSRVLWV DQG
PDUNHUVZHUHVHSDUDWHGE\VSHFWUDODQDO\VLV'LFNLQVRQHWDO=LPPHUPDQQHW
DO7KHSHULSKHU\RIWKHFOXVWHUHGDXWRIOXRUHVFHQWPDWHULDOLQ3XUNLQMHFHOOVRI
.2 PLFH ZDV SRVLWLYH IRU WKH O\VRVRPDO PDUNHU /DPS )LJ %% $V WKH
DXWRIOXRUHVFHQWFRQWHQWVRIWKHVHYHVLFXODUVWUXFWXUHVVWDLQHGIRUS)LJ%%
DUHFHSWRUIRUFDUJRGHVWLQHGWREHGHJUDGHGE\DXWRSKDJ\DQG/&)LJ%%
DPHPEUDQHSURWHLQLQYROYHGLQDXWRSKDJRVRPHIRUPDWLRQWKHVHVWXFWXUHVDUHPRVW
OLNHO\UHODWHG WRDXWRO\VRVRPHV:LOGW\SHDXWRIOXRUHVFHQWSDUWLFOHVRQWKHFRQWUDU\
EDUHO\ FRORFDOL]HZLWK DQ\RI WKHVHPDUNHUV )LJ $$  )LJ $$ )LJ $
$$VDQHJDWLYHFRQWURO*LDQWLQDPDUNHUIRU*ROJLDSSDUDWXVZDVXVHGZKLFKGLG
QRW FRORFDOL]H ZLWK WKH GHSRVLWV GDWD QRW VKRZQ 7DNHQ WRJHWKHU NQRFNRXW PLFH
DXWRIORXUHVFHQWGHSRVLWVOLNHO\UHSUHVHQWDEQRUPDODXWRO\VRVRPHV

)LJXUH$XWRIORXUHVFHQWGHSRVLWVDUHVXUURXQGHGE\/DPSSRVLWLYHPHPEUDQHVLQ
6SDWDFVLQNQRFNRXWPLFH
$%:KLOH WKH VPDOO DXWRIOXRUHVFHQWSDUWLFOHV $) LQ:73XUNLQMH FHOOV $ DUH UDUHO\
DVVRFLDWHGZLWK WKH O\VRVRPDOPHPEUDQHSURWHLQ/DPSDXWRIOXRUHVFHQW VWUXFWXUHV LQ.2
3XUNLQMHFHOOVVWDLQIRU/DPSDWWKHLUSHULSKHU\%$JHDWVDPSOLQJPRQWKV/DPS
O\VRVRPDOPDUNHU$)DXWRIOXRUHVFHQFH6FDOHEDUVȝP



)LJXUH$XWRIORXUHVFHQWVWUXFWXUHVFRORFDOL]HZLWKSLQNQRFNRXWPLFH
$%7KHDXWRIOXRUHVFHQWPDWHULDOLQ.23XUNLQMHFHOOVFRORFDOL]HVZLWKS%ZKHUHDV
LQ :7 WKHVH VWUXFWXUHV UDUHO\ DVVRFLDWH ZLWK WKLV PDUNHU $ 3XUNLQMH FHOO VRPDWD DUH
PDUNHGE\DGDVKHGOLQH$JHDWVDPSOLQJPRQWKV$)DXWRIOXRUHVFHQFH6FDOHEDUV
ȝP

)LJXUH$XWRIORXUHVFHQWPDWHULDOLVSRVLWLYHIRU/&LQNQRFNRXWPLFH
$%,Q.23XUNLQMHFHOOVDXWRIOXRUHVFHQWDFFXPXODWLRQVFRORFDOL]HZLWK/&%7KLVZDV
QRWREVHUYHG LQ:7FHOOV $3XUNLQMH FHOO VRPDWDDUHPDUNHGE\DGDVKHG OLQH$JHDW
VDPSOLQJPRQWKV$)DXWRIOXRUHVFHQFH6FDOHEDUVȝP



'LVWLQFWIHDWXUHVRIO\VRVRPDOIXQFWLRQDUHXQDOWHUHGLQNQRFNRXWPLFH
7RVWXG\ZKDWPLJKWEH WKHXQGHUO\LQJ UHDVRQ IRU WKHDFFXPXODWLRQRIXQGHJUDGHG
PDWHULDOLQDXWRO\VRVRPHVZHILUVWLQYHVWLJDWHGO\VRVRPDOIXQFWLRQ:HDVVHVVHGWKH
O\VRVRPDO SURFHVVLQJ RI WKH O\VRVRPDO SURWHDVH FDWKHSVLQ ' ([FOXGLQJ D JURVV
GHIHFWWKHUDWLREHWZHHQWKHPDWXUHDQGWKHSUHFXUVRUIRUPRIFDWKHSVLQ'UHPDLQHG
XQFKDQJHGLQ.2EUDLQO\VDWHV)LJ$$GGLWLRQDOO\O\VRVRPDOS+DVDQLPSRUWDQW
GHWHUPLQDQWIRUWKHDFWLYLW\RIO\VRVRPDOSURWHDVHVGLGQRWGLIIHUEHWZHHQJHQRW\SHV
LQ 0()V )LJ % 0RUHRYHU WKH /DPS OHYHOV LQ .2 EUDLQ O\VDWHV ZHUH QRW
LQFUHDVHG)LJ&DILQGLQJZKLFKZDVFRQILUPHGIRU.20()O\VDWHVDVZHOO)LJ
&
)LJXUH1RREYLRXVO\VRVRPDOGHIHFWXSRQ6SDWDFVLQGLVUXSWLRQ
$/\VRVRPDOSURFHVVLQJRIWKHO\VRVRPDOSURWHDVH&DWKHSVLQ'&WV' LVQRW LPSDLUHGLQ
6SDWDFVLQ.2PLFH &WV'SSUHFXUVRU&WV'PPDWXUH0HDQ6(0RIQ  LQGHSHQGHQW
H[SHULPHQWV6WXGHQW¶V7WHVWQRWVLJQLILFDQWQV%7KHLQWUDO\VRVRPDOS+LVQRWFKDQJHG
LQ.20()V0HDQ6(0RIQ H[SHULPHQWVZLWKPRUHWKDQO\VRVRPHV6WXGHQW¶V7
WHVWQRWVLJQLILFDQWQV&2YHUDOO/DPSOHYHOVDUHQRWFKDQJHGLQ0()VRUEUDLQO\VDWHV
LVRODWHGIURP6SDWDFVLQ.2PLFH0HDQ6(0RIQ LQGHSHQGHQWH[SHULPHQWV6WXGHQW¶V
7WHVWQRWVLJQLILFDQWQV

$XWRSKDJ\LVDIIHFWHGLQNQRFNRXWPLFH
8OWUDVWUXFWXUDO DQDO\VLV UHYHDOHG WKDW DSDUW IURP WKH DFFXPXODWLRQ RI OLSRIXVFLQOLNH
PDWHULDO )LJ $ DUURZKHDG DOVR FOXVWHUV RI YHVLFXODU VWUXFWXUHV ILOOHG ZLWK
DXWRSKDJLF PDWHULDO )LJ $ DUURZV ZHUH IRXQG LQ VDPSOHV RI .2 PLFH :H
WKHUHIRUH DVVHVVHG ZKHWKHU DXWRSKDJ\ LV DIIHFWHG XSRQ 6SJ GLVUXSWLRQ %\
LPPXQREORWWLQJ ZH DQDO\VHG WKH DPRXQW RI %HFOLQ D NH\ SURWHLQ IRU
DXWRSKDJRVRPHIRUPDWLRQ 0L]XVKLPDHWDOZKLFKZDVXQDOWHUHG)LJ%
% LQGLFDWLQJ WKDWLQLWLDOVWHSVRIDXWRSKDJ\PD\QRWEHEORFNHGXSRQGLVUXSWLRQRI
6SDWDFVLQ,QWHUHVWLQJO\ZHIRXQGWKDWWKHOHYHOVRIWKHDXWRSKDJLFFDUJRPDUNHUS
/DPDUNHWDOZHUHVWURQJO\HOHYDWHGLQWKH7ULWRQ;LQVROXEOHIUDFWLRQVRI
.2EUDLQO\VDWHVDVFRPSDUHGWR:7)LJ%%ZKLFKUDWKHUSRLQWWRDGHIHFWLQ


ODWHU VWDJHV RI DXWRSKDJLF FOHDUDQFH )XUWKHUPRUH HOHYDWHG EDVDO OHYHOV RI /&,,
WKH OLSLGDWHG IRUP RI /& ZKLFK LV LQFRUSRUDWHG LQWR WKH DXWRSKDJLF PHPEUDQH
IXUWKHU LQFUHDVHGXSRQ WUHDWPHQWZLWKEDILORP\FLQ$ LQ ILEUREODVWV 0()V LVRODWHG
IURP6SDWDFVLQ.2HPEU\RV)LJ&&
 
)LJXUH/&,,DQGSOHYHOVDUHLQFUHDVHGLQNQRFNRXWPLFH
$$FFXPXODWLRQRIOLSRIXVFLQOLNHPDWHULDODUURZKHDGDQGDXWRSKDJLFPDWHULDODUURZVLQ
PRQWKROG.2 WLVVXH 6FDOHEDUV  ȝP %% SDPDUNHU IRUFDUJRGHVWLQHG WREH
GHJUDGHGE\DXWRSKDJ\ LV LQFUHDVHG LQ7ULWRQ; LQVROXEOHEUDLQIUDFWLRQVRIPRQWK
ROG6SDWDFVLQ.2PLFHZKLOH%HFOLQDNH\SURWHLQIRUWKHIRUPDWLRQRIDXWRSKDJRVRPHVLV
QRW FKDQJHG0HDQ 6(0Q HDFK6WXGHQW¶V7WHVWQRW VLJQLILFDQW QV  LQGLFDWHV
S&&/&,,OHYHOVDUHLQFUHDVHGLQ.20()VDQGIXUWKHULQFUHDVHDIWHUWUHDWPHQW
ZLWKEDILORP\FLQ$4XDQWLILFDWLRQRI/&,, OHYHOVQRUPDOL]HG WRDFWLQ LQ0()V0HDQ 
6(0RILQGHSHQGHQWH[SHULPHQWV6WXGHQWV7WHVWLQGLFDWHVSDQGS

$XWRSKDJLFO\VRVRPDOUHIRUPDWLRQ$/5LVLPSDLUHGLQNQRFNRXWPLFH
7R DVVHVV ZKHWKHU WKH DFFXPXODWLRQ RI DXWRO\VRVRPHV LQ 6SDWDFVLQ .2 PLFH LV
DFFRPSDQLHG E\ D GHSOHWLRQ RI O\VRVRPHV DV LV H[SHFWHG LI $/5 LV LPSDLUHG ZH
LQYHVWLJDWHGWKHSURFHVV$/5LQ0()V:HIRXQGWKDWWKHQXPEHURIDXWRO\VRVRPHV
ZHUH LQFUHDVHG )LJ $ DW WKH VDPH WLPH WKH QXPEHU RI O\VRVRPHV ZHUH
GHFUHDVHG LQ .2 0()V )LJ % 0RUHRYHU O\VRVRPHV ZHUH GHSOHWHG XSRQ
LQGXFWLRQ RI DXWRSKDJ\ E\ VWDUYDWLRQ IRU  K LQ ERWK:7DQG.20()V2QO\:7
O\VRVRPHQXPEHUVUHFRYHUHGWREDVHOLQHDIWHUKRIRQJRLQJVWDUYDWLRQZKLOHWKH\
UHPDLQHGGLPLQLVKHGLQ.20()V)LJ&-




)LJXUH'HFUHDVHGUHJHQHUDWLRQRIIUHHO\VRVRPHVLQNQRFNRXWPLFH
$$XWRO\VRVRPHVYHVLFOHVWKDWVWDLQIRUERWK/DPSDQGSDUH LQFUHDVHGLQ.20()V
FRPSDUHG WR:76WXGHQW¶V WWHVW  LQGLFDWHVS %/\VRVRPHVGHILQHGDV YHVLFOHV
SRVLWLYH IRU /DPS EXW QHJDWLYH IRU S DUH GHFUHDVHG XQGHU EDVHOLQH FRQGLWLRQV LQ
6SDWDFVLQ .2 0()V 6WXGHQW¶V WWHVW  LQGLFDWHV S &- 8SRQ  K RI VWDUYDWLRQ
O\VRVRPHV ZHUH GHSOHWHG LQ ERWK :7 DQG .2 0()V $IWHU  K O\VRVRPH QXPEHUV
UHFRYHUHGWREDVHOLQHOHYHOVRQO\ LQ:70HDQ6(0RIQ RQHZD\$129$ LQGLFDWHV
S6FDOHEDUVȝP


:HDOVR LQYHVWLJDWHGZKHWKHU$/5ZDVDOVRDIIHFWHG LQYLYRDWVLWHVZKHUHQHXURQ
ORVV ZDV REVHUYHG HJFHUHEHOOXP /DPSSRVLWLYH DQG SQHJDWLYH YHVLFOHV LQ
3XUNLQMH FHOO VRPDWD RI  DQG PRQWKROG PLFH )LJ $% ZHUH TXDQWLILHG
UHYHDOLQJWKDWWKHQXPEHURIO\VRVRPHVZDVGHFUHDVHGLQ3XUNLQMHFHOOVRI6SDWDFVLQ
.2PLFH)LJ&ERWKDWDQGPRQWKVRIDJH



)LJXUH'HSOHWLRQRIIUHHO\VRVRPHVLQ6SDWDFVLQNQRFNRXWPLFH
$&)UHH/\VRVRPHVGHILQHGDV YHVLFOHV SRVLWLYH IRU /DPSEXW QHJDWLYH IRU S LQ 
PRQWKV ROG WLVVXH $% DUH GHFUHDVHG LQ 3XUNLQMH FHOOV RI ERWK  DQG PRQWKROG
6SDWDFVLQ .2 PLFH DV FRPSDUHG WR:7 & 0HDQ  6(0 Q  FHOOV HDFK WZRZD\
$129$  LQGLFDWHV S  LQGLFDWHV S 3XUNLQMH FHOO VRPDWD DUH PDUNHG E\ D
GDVKHGOLQH6FDOHEDUVȝP



'LVFXVVLRQ

9HULILFDWLRQRI6SJNQRFNRXWPLFH
+63 W\SH 63* LV WKH PRVW FRPPRQ DXWRVRPDO UHFHVVLYH FRPSOLFDWHG IRUP RI
+63V 7R GDWH WKH PXWDWLRQDO VSHFWUXP RI 63* LQFOXGHV QXPHURXV PLVVHQVH
QRQVHQVHVSOLFHVLWHPXWDWLRQVDVZHOODVVPDOOLQGHOVVPDOODQGJURVVGHOHWLRQVRU
LQVHUWLRQV7KHHIIHFWRIWKHVHPXWDWLRQVRQWKHSURWHLQOHYHOLVVXSSRVHGWROHDGWRD
WUXQFDWHG RU QRQIXQFWLRQDO SURWHLQ 6WHYDQLQ HW DO  +HKU HW DO 
&RQVHTXHQWO\ WKH KRPR]\JRXV 6SJ NQRFNRXW LV WKH UHOHYDQW LQ YLYR PRGHO WR
VWXG\63*7RJHQHUDWH6SDWDFVLQ.2PLFHZHXVHGDJHQHWUDSFORQH'XULQJWKH
WUDSSLQJSURFHVV WKHJHQHWUDSYHFWRU FRQWDLQLQJ WKHJHQHWUDSFDVVHWWH UDQGRPO\
LQVHUWV LQWR D JHQRPLF ORFXV RI (6 FHOOV DQG WKXV GLVWXUEV WKH WUDQVFULSWLRQ RI WKH
WUDSSHGJHQHUHVXOWLQJLQDWUXQFDWHGP51$ZKLFKLVWUDQVODWHGLQWRDQRQIXQFWLRQDO
WUXQFDWHGSURWHLQ6FKQXWJHQHWDO2XUJHQHWUDSFDVVHWWH±FRQVLVWLQJRID¶
VSOLFHDFFHSWRUVLWH6$DSURPRWHUOHVVUHSRUWHUJHQHȕJHRDQG¶SRO\DGHQ\ODWLRQ
VLWHS$)LJ$LVLQWHJUDWHGLQWRWKHILUVWLQWURQRI6SJ)LJ$7KHSUHVHQFH
RIWKHFDVVHWWHLQWKHPXWDQWDQLPDOVZDVFRQILUPHGE\JHQRW\SLQJ3&5LGHQWLI\LQJD
ES:7DQGDES.2EDQGDVH[SHFWHG )LJ%)LJ7KHWUDQVFULEHG
P51$LVSUHGLFWHGWREHWUXQFDWHGFRQVLVWHQWO\1RUWKHUQ%ORWDQDO\VLVXVLQJDSUREH
WDUJHWLQJDSDUWRIH[RQRI6SJGHWHFWHGDNEWUDQVFULSWLQZLOGW\SHWLVVXH
VDPSOHVZKLFKZDVDEVHQW IURPNQRFNRXW VDPSOHV )LJ&7KHSUHGLFWHG6SJ
P51$ WUDQVFULSW HQFRGHV D F\WRSODVPLF IXVLRQ SURWHLQ RI WKH1WHUPLQDO DPLQR
DFLGVRI6SDWDFVLQZLWKȕJHRXQGHU WKHFRQWURORI WKHHQGRJHQRXV6SJSURPRWHU
)LJ $¶¶¶ ,Q RUGHU WR FRQILUP WKH ORVV RI 6SDWDFVLQ LQ PLFH ZH JHQHUDWHG D
PRQRFORQDO DQWLERG\ GLUHFWHG DJDLQVW DQ HSLWRSH ZLWKLQ WKH ĮVROHQRLG GRPDLQ RI
6SDWDFVLQ )LJ $¶¶ DUURZKHDG2XU DQWLERG\ GHWHFWHG 6SDWDFVLQ DW WKH H[SHFWHG
VL]H RI URXJKO\  N'D LQ FRQWURO VDPSOHV DQG WKLV VLJQDO ZDV QRW SUHVHQW LQ
NQRFNRXWWLVVXHO\VDWHV)LJ'FRQILUPLQJWKHVSHFLILFLW\RIWKHDQWLERG\
7KXV ZH YDOLGDWHG RXU FRQVWLWXYH 6SJ PRXVH PRGHO E\ GHPRQVWUDWLQJ  WKH
SUHVHQFHRIWKHWUDSFDVVHWWHRQ'1$OHYHOWKHDEVHQFHRIP51$WUDQVFULSWDQG
VXEVHTXHQWO\WKHSURWHLQSURGXFW&RQVHTXHQWO\WKHKRPR]\JRXVJHQHWUDSPLFH
UHSUHVHQW WKH6SDWDFVLQ.2PRGHO0RUHRYHUZH  SUHVHQW WKH ILUVW VSHFLILF DQG
YHULILHGDQWL6SDWDFVLQDQWLERG\DVZHOO


7LVVXHH[SUHVVLRQRI6SJ6SDWDFVLQ
([SUHVVLRQDQDO\VLVE\ LQVLWXK\EULGL]DWLRQRIWKHUDW6SJP51$LQUDWDGXOWEUDLQ
UHYHDOHG VWURQJ 6SJ H[SUHVVLRQ LQ WKH SLQHDO JODQG WKH HGJHV RI WKH ODWHUDO
YHQWULFOHVWKHJUDQXODUOD\HURIWKHFHUHEHOOXPDQGWKHKLSSRFDPSXV6WHYDQLQHWDO
7RQRWHQR6SJP51$H[SUHVVLRQZDVGHWHFWHGLQQHZERUQUDWV6WHYDQLQ
HW DO  ,QWHUHVWLQJO\ WKH H[SUHVVLRQ RI VSJ P51$ GXULQJ ]HEUDILVK
GHYHORSPHQW E\ ZKROH PRXQW LQ VLWX K\EULGL]DWLRQ GHSLFWHG XELTXLWRXV VSJ
H[SUHVVLRQZLWKVWRQJH[SUHVVLRQOHYHOVLQ WKHEUDLQ6RXWKJDWHHWDO/DWHU
WKH6WHYDQLQJURXSVKRZHGE\DQDQWLERG\YDOLGDWHGE\SHSWLGHEORFNLQJGHWHFWLQJ
WKH HQGRJHQRXV 63$7$&6,16SDWDFVLQ LQ KXPDQ DQG UDW DGXOW WLVVXHV WKDW LWV
H[SUHVVLRQ ZDV SUHGRPLQDQWO\ IRXQG DW OD\HU 9 RI WKH PRWRU FRUWH[ VSLQDO FRUG
KLSSRFDPSXVFHUHEHOOXPGHQWDWHQXFOHXVDQGSRQV0XUPXHWDO0RUHRYHU
XVLQJWKHVDPHDQWLERG\XELTXLWRXV6SDWDFVLQH[SUHVVLRQZDVIRXQGLQDOOWLVVXHVRI
UDWHPEU\RV0XUPXHWDO,QWKHQHUYRXVV\WHP63$7$&6,16SDWDFVLQZDV
VKRZQWREHVSHFLILFWRQHXURQV0XUPXHWDO3HUH]%UDQJXOLHWDO
7KHSUHVHQFHRIWKHJHQHWUDSFDVVHWWHH[SUHVVHGXQGHUWKHHQGRJHQRXVSURPRWHURI
WKH6SJJHQHSURYLGHGXVDVWUDLJKWIRUZDUGWRROWRLQYHVWLJDWH6SJH[SUHVVLRQ
2XUGDWDREWDLQHGIURP/DF=VWDLQLQJVRQWLVVXHVHFWLRQVRIKHWHUR]\JRXVWUDSSHG
PLFH UHYHDOHG D QHXURQDOH[SUHVVLRQSDWWHUQ RI6SJ 3DUWLDOO\ LQ DJUHHPHQWZLWK
WKHSUHYLRXV VWXGLHVVLJQDOV GHWHFWHGE\ /DF= VWDLQLQJZHUHSDUWLFXODUO\ VWURQJ LQ
FRUWLFDOQHXURQV)LJ$VSLQDOFRUGQHXURQV)LJ%DQGFHUHEHOODU3XUNLQMHFHOOV
)LJ&DQGZHUHDEVHQWLQWLVVXHVHFWLRQVRIZLOGW\SHPLFH
6LPXOWDQHRXVO\ZHDOVRWULHGWRGHWHFWWKHHQGRJHQRXV6SDWDFVLQE\RXUQRYHODQG
VSHFLILFDQWLERG\E\ LPPXQRIOXRUHVFHQFH EXWZHZHUHQRWDEOH WRGHWHFWDVSHFLILF
VLJQDORQWLVVXHVHFWLRQV
7RVXPPDUL]HRXUUHVXOWVVWUHQJWKHQ WKHSRLQW WKDW6SJ VHHPV WREHVSHFLILF WR
QHXURQV KRZHYHU WKH WLVVXH H[SUHVVLRQ RI 6SJ6SDWDFVLQ KDV QRW \HW EHHQ
FRPSOHWHO\ FODULILHG GXH WR WKH ODFN RI VSHFLILF DQWLERGLHV GHWHFWLQJ HQGRJHQRXV
6SDWDFVLQLQLPPXQRIOXRUHVFHQFH7KLVLVVXHWKHUHIRUHQHHGVIXUWKHULQYHVWLJDWLRQ






6SJNQRFNRXWPLFHGHYHORSFRPSOLFDWHG+63
63*SDWLHQWVXVXDOO\VKRZVHYHUDODGGLWLRQDOV\PSWRPVUDQJLQJIURPWKLQFRUSXV
FDOORVXPWRFRJQLWLYHGHFOLQHSHULSKHUDOQHXURSDWK\DQGFHUHEHOODUDWD[LD6WHYDQLQ
HWDO+DQHLQHWDO6FKOHHWDO
%RWKQRQYHUWHEUDWHDQGYHUWHEUDWHDQLPDOPRGHOVKDYHDOUHDG\EHHQXVHGWRPRGHO
+63LQYLYRLQRUGHUWRHOXFLGDWHWKHIXQFWLRQRIDFHUWDLQ+63JHQHSURGXFW*HQHWLF
PDQLSXODWLRQRI WKH IUXLW IO\'URVRSKLODPHODQRJDVWHU KDYHEHHQXVHG WR FODULI\ WKH
SK\VLRORJLFDO UROHVRI63*63*63*$63*DQG63* 6KHUZRRGHWDO
2UVRHWDO:DQJHWDO/HHHWDO2¶6XOOLYDQHWDO
)JHUHWDO7RDVVHVV WKHPRWRUGHIHFWVRIPXWDQW IUXLW IOLHVHLWKHUFOLPELQJ
DVVD\2UVRHWDO/HHHWDO2¶6XOOLYDQHWDO)JHUHWDO
RUORFRPRWRUDVVD\)JHUHWDOZDVDSSOLHG
7KHYHUWHEUDWH'DQLRUHULRLVDQHVWDEOLVKHGWRROWRLQYHVWLJDWHJHQHIXQFWLRQLQYLYR
,WVDGYDQWDJHVLQFOXGHKLJK IHFXQGLW\HDV\YLVXDOL]DWLRQGXHWR WKH WUDQVSDUHQF\RI
LWV HPEU\RVDQG VKRUW JHQHUDWLRQ WLPH ;L HW DO  7RGDWH VHYHUDO ]HEUDILVK
+63PRGHOVH[LVWZKLFKVKRZUHGXFHGPRWLOLW\DQGFXUO\WDLO:RRGHWDO/LQ
HWDO)DVVLHUHWDO&OHPHQHWDO%XWOHUHWDO&DPSEHOOHW
DO  $FFRUGLQJO\ PRUSKROLQR NQRFNGRZQ RI 6SDWDFVLQ RU 6SDVWL]LQ LQ WKH
]HEUDILVK UHVXOWHG LQ PRWRU LPSDLUPHQW ZLWK WKH W\SLFDO FXUO\ WDLO SKHQRW\SH DQG
DEQRUPDO EUDQFKLQJ RI VSLQDO FRUG PRWRU QHXURQV DW WKH QHXURPXVFXODU MXQFWLRQ
0DUWLQHWDO
7KHDERYHPHQWLRQHGPRGHOVKDYHOLPLWDWLRQVUHJDUGLQJWKHLUUHOHYDQFHIRUWKH+63
PRYHPHQW SKHQRW\SH +HQFH HYROXWLRQDU\ FORVHU UHODWLYHV VXFK DV URGHQWV DUH
PRUHGLVHDVHUHOHYDQWLQYLYRPRGHOV\VWHPV
8QWLOO SUHVHQW QXPHURXV +63 JHQHV KDYH VR IDU EHHQ NQRFNHG RXW LQ PLFH XVLQJ
GLIIHUHQWPHWKRGV IRUSURRYLQJ WKHPRWRU LPSDLUPHQW LH URWDURG)HUUHLULQKDHWDO
 3LUR]]L HW DO  FDWZDON .DVKHU HW DO  EHDP ZDONLQJ DQG
PHDVXULQJ WKHQXPEHURI IDOOVDQGVOLSV6RGHUEORPHWDO.KXQGDG]HHWDO
 RU TXDQWLI\LQJ WKH IRRW VWHSSLQJDQJOH %HHW] HW DO .KXQGDG]HHW DO

7KH FXUUHQW ZRUN DLPHG QRW RQO\ WR DGGUHVV ZKHWKHU PLFH ODFNLQJ IXQFWLRQDO
6SDWDFVLQGHYHORSDPRWRUSKHQRW\SHEXWDOVRWRJLYHDFRPSUHKHQVLYHFRPSDULVRQ
WRWKHDOUHDG\SXEOLVKHG+63PRXVHPRGHOV


$FFRUGLQJO\PRWRUFRRUGLQDWLRQZDVDGGUHVVHGE\DQDFFHOHUDWLQJURWDWLQJURGDQG
VKRZHG WKDW DJHG 6SJ NQRFNRXW PLFH IHOO RII WKH URG VLJQLILFDQWO\ HDUOLHU DV
FRPSDUHGWRZLOGW\SHFRQWUROV)LJ',QRUGHUWRTXDQWLI\WKHJDLWDEQRUPDOLW\ZH
DOVRDQDO\VHGWKHIRRWEDVHDQJOH)%$RIWKHKLQGSDZVDWWRHRIISRVLWLRQ)LJ$
%,ULQWFKHYHWDOGXULQJEHDPZDONLQJ$WPRQWKVRIDJHNQRFNRXWPLFH
KDG VLJLQLILFDQWO\ VPDOOHU )%$ DV FRPSDUHG WR ZLOGW\SH OLWWHUPDWHV 0RUHRYHU WKH
YDOXHRINQRFNRXW)%$JUDGXDOO\GHFUHDVHGRYHUWLPH)LJ&7RLQYHVWLJDWHDWD[LD
ZHTXDQWLILHGWKHQXPEHURIVOLSVDQGIDOOVGXULQJPLFHWUDYHUVLQJDFPWKLQEHDP
2OG NQRFNRXW PLFH IHOO RII WKH EHDP VLJQLILFDQWO\ PRUH IUHTXHQWO\ WKDQ ZLOGW\SH
OLWWHUPDWHV)LJ(

$QRWKHUDVSHFWRIWKHKXPDQ+63SKHQRW\SHLVWKHOHQJWKGHSHQGHQWGHJHQHUDWLRQ
RI WKHFRUWLFRVSLQDO WUDFWD[RQILEHUV%ODFNVWRQHHWDO+DUGLQJHWDO
$QDO\VLVRIVHPLWKLQOXPEDUVSLQDOFRUGVHFWLRQVFRQILUPHGWKHORVVRIODUJHGLDPHWHU
D[RQILEHUVZLWKLQ WKHFRUWLFRVSLQDO WUDFWDOUHDG\DWPRQWKVRIDJHZKHUHDVVSLQDO
FRUGRI\RXQJPLFHZDVLQWDFW)LJ$&DILQGLQJZKLFKKDVDOVREHHQGHVFULEHG
IRURWKHUPRXVHPRGHOVRI+63)HUUHLULQKDHWDO7DUUDGHHWDO%HHW]
HWDO.KXQGDG]HHWDO
%HVLGHV LQ OXPEDU UHJLRQV RI PRQWKROG PXWDQW PLFH VZROOHQ D[RQ ILEHUV ZHUH
REVHUYHG)LJ'VLPLODUO\WR=I\YHNQRFNRXWPLFH.KXQGDG]HHWDO
)XUWKHUPRUHLQFRQUDVWWRSXUH+63PRXVHPRGHOV)HUUHLULQKDHWDO7DUUDGH
HWDO%HHW]HWDODQGLQFRQFHUWZLWKWKHSUHYLRXVUHVXOWVRIRXUJURXS
.KXQGDG]H HW DO  6SJ NQRFNRXW PLFH ORRVH WKH ODUJH SURMHFWLRQ
PRWRQHXURQV LQPRWRFRUWH[ OD\HUV99, LQGLFDWLQJ WKDW WKHFHOOXODUSDWKRORJ\ LVQRW
UHVWULFWHG WR PRWRQHXURQ D[RQV EXW DOVR DIIHFWV WKH VRPDWD DV REYLRXV IURP WKH
TXDQWLILFDWLRQRI1HX1SRVLWLYHQHXURQVLQWKHPRWRFRUWH[)LJ')
2Q WKH FRQWUDU\ QHXURQ QXPEHUV LQ OD\HUV ,,,, ZKHUH PRVW RI WKH FRPPLVVXUDO
QHXURQVUHVLGH*UHLJHWDOUHPDLQHGXQFKDQJHG)LJ)&RQVLVWHQWO\WKH
VL]HRIWKHFRUSXVFDOORVXPZDVXQDOWHUHGLQDJHGNQRFNRXWPLFH)LJ*+7KLV
GLVFUHSDQF\WRWKHKXPDQSKHQRW\SHPD\EHGXHWRWKHIDFWWKDWLQPLFHWKHVL]HRI
FRUSXV FDOORVXPVWURQJO\ GHSHQGVRQ WKH UHVSHFWLYHPRXVH VWUDLQ %RHWWJHU HW DO
:DKOVWHQHWDO


,PSRUWDQWO\QHXURQORVVZDVQRWRQO\UHVWULFWHGWRWKHGHHSOD\HUVRIWKHPRWRUFRUWH[
EXW ZDV DOVR GHWHFWHG LQ WKH FHUHEHOODU FRUWH[ DIIHFWLQJ 3XUNLQMH FHOOV )LJ ,.
FRQVLVWHQW ZLWK DWD[LD DQG WKH FHUHEHOODU DWURSK\ REVHUYHG LQ WKHVH DQLPDOV
)XUWKHUPRUHDVW\SLFDOIRUFHQWUDOQHUYRXVV\VWHPLQMXU\3HNQ\HWDO*)$3
SRVLWLYH DVWURF\WHV EHFDPH DEXQGDQW DW WKH VLWHV RI WKH QHXURQDO ORVV LQ DJHG
NQRFNRXWPLFH)LJ$'

7R VXP XS 6SJ NQRFNRXW PLFH GHYHORSHG FRPSOLFDWHG +63 LH SURJUHVVLYH
PRWRULPSDLUHPHQWDQGJDLWGLVRUGHUSDUDOOHOHGZLWKDWD[LDZHLJKWORVV)LJ)DQG
DQ DEQRUPDO N\SKRWLF SRVWXUH +LVWRSDWKRORJLFDO DQDO\VHV RI WKH FHQWUDO QHUYRXV
V\VWHPFRQILUPHGEUDLQ DWURSK\ZKLFK LV HVSHFLDOO\ VHYHUH LQ WKH FHUHEHOOXP )LJ
$% FRQFRPLWDQWO\ UHYHDOHG WKH ORVV RI FRUWLFDO PRWRQHXURQV DQG FHUHEHOODU
3XUNLQMHFHOOV IXUWKHUPRUH WKHGHJHQHUDWLRQRID[RQILEHUV LQ WKHFRUWLFRVSLQDO WUDFW
,Q DJUHHPHQWZLWK SUHYLRXV VWXGLHV )LQN HW DO ZKLFK VWDWHG WKDW 63* LV
SUHVXPDEO\DQHXURGHJHQHUDWLYHGLVHDVH6SJNQRFNRXWPLFHVKRZQRVWUXFWXUDO
RUPRWRUGHILFLWWLOOPRQWKVRIDJH

&HOOXODUSDWKRORJ\UHODWHGWR6SDWDFVLQG\VIXQFWLRQ
3ULRUWRWKHRQVHWRIPRWRUGHILFLWDQGQHXURQORVVVLPLODUO\WR=I\YHNQRFNRXWPLFH
.KXQGDG]HHWDOLQWUDQHXURQDODFFXPXODWLRQRIDXWRIOXRUHVFHQWPDWHULDOZDV
REVHUYHGLQ6SJNQRFNRXWPLFH)LJ%7KHDPRXQWRIWKLVPDWHULDOGUDVWLFDOO\
LQFUHDVHGRYHUWLPH)LJ':KHUHDVLQ:7WKLVPDWHULDOZDVRQO\YHU\OLPLWHGLQ
DJHG PLFH )LJ & DQG ZDV DEVHQW DW \RXQJ DJH )LJ $ 8OWUDVWUXFWXUDO
DQDO\VLV UHYHDOHG WKDW WKHVH VWUXFWXUHV ZHUH VLPLODU WR OLSRIXVFLQ SDUWLFOHV IRXQG LQ
DJHG :7 KRZHYHU LQ NQRFNRXW WLVVXH WKHVH ZHUH IRXQG PRUH IUHTXHQWO\ RIWHQ
FOXVWHUHGDQGVXUURXQGHGE\PHPEUDQH)LJ$%
,QWHUHVWLQJO\ DXWRIOXRUHVFHQWPDWHULDO LQ NQRFNRXW WLVVXHDOVRDFFXPXODWHG LQ EUDLQ
UHJLRQVOLNHKLSSRFDPSXVDVZHOODVVSLQDOFRUG)LJ%1ZKHUHQRDFWLYDWLRQRI
DVWURF\HVZDVREVHUYHG)LJ/37KLVLVLQVKDUSFRQWUDVWZLWKUHVXOWVREWDLQHG
IURPEUDLQUHJLRQVZLWKREYLRXVQHXURQORVV)LJ$'7KLVGLVFUHSDQF\PLJKWEH
GXH WKH YXOQHUDELOLW\ RI ODUJH QHXURQV LQ WKH PRWRUFRUWH[ DQG FHUHEHOOXP ZKLOH
QHXURQV LQ RWKHU EUDLQ UHJLRQV PD\ WROHUDWH WKHVH DXWRIOXRUHVFHQW OLSRIXVFLQ OLNH
GHSRVLWV


/LSRIXVFLQLVDOLSRSLJPHQWFRQVLVWLQJRIDSSUR[LPDWHO\SURWHLQVDQGOLSLGV
DQG OHVV WKDQ   PHWDOV %UXQN HW DO  'XH WR LWV EURDG H[FLWDWLRQ DQG
HPLVVLRQ VSHFWUD LW KDV DXWRIOXRUHVFHQW SURSHUW\ 6FKQHOO HW DO  7KLV
VXEVWDQFHHLWKHUDFFXPXODWHVLQSRVWPLWRWLFFHOOVDVDUHVXOWRIVHQHVFHQH%UXQNHW
DORUGXHWRFHUWDLQJHQHWLFFRQGLWLRQVVXFKDVQHXURQDOFHURLGOLSRIXVFLQRVLV
6HHKDIHUHWDO:HLPHUHWDORUUHWLQDOG\VWURSK\5DGXHWDO,W
LVFRQVLGHUHGWREHDQRQGHJUDGDEOHPDWHULDO UHODWHG WR O\VRVRPHV 7HUPDQHWDO
 ,QGHHG RXU UHVXOWV VKRZHG WKDW DXWRIOXRUHVFHQW DFFXPXODWLRQ LQ NQRFNRXW
QHXURQVZHUHODEHOHGE\WKHO\VRVRPDOPDUNHU/DPS)LJ$$
/\VRVRPHVDUHGLJHVWLYHFRPSRQHQWVRIWKHDXWRSKDJLFSDWKZD\.LHOHWDO
'XULQJ DXWRSKDJ\ FDUJR VXFK DV DJJUHJDWH SURQH SURWHLQV LV VHTXHVWHUHG E\ D
GRXEOH PHPEUDQH YHVLFOH FDOOHG DXWRSKDJRVRPH ZKLFK IXVHV ZLWK O\VRVRPHV LQ
RUGHU WRSURPRWHGHJUDGDWLRQ(VNHOLQHQHWDO5HFHQWO\ LWKDVEHHQVKRZQ
WKDW 6SDVWL]LQ LQWHUDFWV ZLWK %HFOLQ 9DQWDJJLDWR HW DO  D VXEXQLW RI WKH
SKRVSKDWLG\OLQRVLWRO NLQDVH FODVV ,,, 3,.,,, FRPSOH[ ZKLFK LV ORFDWHG RQ HDUO\
HQGRVRPHV6LPRQVHQHWDO%HVLGHVLWLVDNH\UHJXODWRURIWKHLQLWLDOVWHSVRI
DXWRSKDJ\ $V UHYHDOHG IURP SDWLHQW GHULYHG ILEUREODVWV ZKHQ 6SDVWL]LQ ZDV
PXWDWHGWKHQWKLVLQWHUDFWLRQZDVGLVWXUEHGZKLFKGLGQRWLQWHUUXSWZLWKWKHIRUPDWLRQ
RI %HFOLQ FRPSOH[ DQG WKHUHIRUH OHG WR WKH DFFXPXODWLRQ RI DXWRSKDJRVRPHV
9DQWDJJLDWRHWDO
6XJJHVWLQJ WKDW DXWRSKDJ\PD\ EH SRVVLEO\ DOVR DOWHUHG LQ6SJ NQRFNRXWPLFH
DXWRIOXRUHVFHQWGHSRVLWV LQGHHGVWDLQHG IRUS )LJ$$DQDXWRSKDJRVRPDO
FDUJR UHFHSWRU LQGLFDWLQJ WKDW WKHVHDXWRIOXRUHVFHQWDFFXPXODWLRQV UDWKHU UHSUHVHQW
DEQRUPDO DXWRO\VRVRPHV LQVWHDG RI O\VRVRPHV 0RUHRYHU XOWUDVWUXFWXUDO DQDO\VLV
UHYHDOHG PHPEUDQHERXQG YHVLFOHV ILOOHG ZLWK KHWHURJHQHRXV PDWHULDO LQFOXGLQJ
RUJDQHOOHOLNH VWUXFWXUHV )LJ $ DUURZV VXJJHVWLQJ WKDW LW PD\ EH DXWRSKDJLF
PDWHULDO FRQVLVWHQW ZLWK WKH LPPXQRIOXRUHVFHQFH UHVXOWV LQ 3XUNLQMH QHXURQV )LJ
$$ 7KHVH UHVXOWV PD\ VXJJHVW WKDW WKH PHPEUDQRXV VWUXFWXUHV UHSRUWHG LQ
VXUDO QHUYH ELRSVLHV +HKU HW DO  DQG L36&GHULYHG QHXURQV IURP 63*
SDWLHQWV3HUH]%UDQJXOLHWDOPD\UHSUHVHQWDEQRUPDODXWRO\VRVRPHV
,QDJUHHPHQWZLWKRXUILQGLQJVLQ3XUNLQMHFHOOVLQEDVHOLQHFRQGLWLRQVWKHQXPEHURI
DXWRO\VRVRPHVGHILQHGDVYHVLFOHVODEHOHGIRUERWK/DPSDQGSZDV LQFUHDVHG


LQ .2 0()V )LJ $ ZKLOH DW WKH VDPH WLPH WKH QXPEHU RI O\VRVRPHV ZDV
GHFUHDVHGLQ.20()V)LJ%
0RUHRYHUFHUWDLQO\VRVRPDOIXQFWLRQVLQ6SJNQRFNRXWPLFHUHPDLQHGLQWDFWDVWKH
SURFHVVLQJRI EUDLQ&DWKHSVLQ' )LJ $ DQG O\VRVRPDO S+ LQ0()V )LJ %
ZHUHXQFKDQJHGDVFRPSDUHGWRZLOGW\SHVDPSOHV0RUHRYHU/DPSOHYHOVLQERWK
.2EUDLQDQG0()O\VDWHVZHUHQRWHOHYDWHG)LJ&6LQFHZHLQYHVWLJDWHGRQO\
DSDUWRIWKHQXPHURXVO\VRVRPDOIXQFWLRQVWKHUHIRUHLWFDQQRWEHH[FOXGHGWKDWVRPH
RIWKHVHPD\DOVREHDOWHUHG
%HFOLQUHVSRQVLEOHIRUDXWRSKDJRVRPHIRUPDWLRQOHYHOVUHPDLQHGXQFKDQJHG)LJ
%% SRLQWLQJ RXW WKDW WKH LQLWLDO VWHSV RI DXWRSKDJ\PD\ QRW EH DIIHFWHGZKHQ
IXQFWLRQDO 6SDWDFVLQ LV QRW SUHVHQW $V H[SHFWHG S DQG /&,, OHYHOV ZHUH
LQFUHDVHG )LJ %& VXJJHVWLQJ WKDW WKH GHIHFW PD\ EH DW ODWHU VWDJHV RI WKH
DXWRSKDJLFSDWKZD\
7KHDFFXPXODWLRQRIDXWRO\VRVRPDOPDWHULDOWRJHWKHUZLWKXQDOWHUHGO\VRVRPDO
IXQFWLRQDQGXQDIIHFWHGDXWRSKDJRVRPHIRUPDWLRQLQFRQWUDVWHOHYDWHGOHYHOV
RIDXWRSKDJLFFDUJRUHFHSWRUSDQGLWVLQWHUDFWLQJSDUWQHU/&VXJJHVWWKDWWKH
IXVLRQRIO\VRVRPHVZLWKDXWRSKDJRVRPHVVWLOORFFXUVZKLOHDXWRSKDJLFFOHDUDQFHLV
LPSDLUHG7KLVSRLQWVWRWKHGLUHFWLRQWKDWODWHUVWDJHVRIWKHDXWRSDJLFSDWKZD\PD\
EHDIIHFWHGXSRQ6SDWDFVLQGLVUXSWLRQ

1RQIXQFWLRQDO6SDWDFVLQDQG$/5
$ UHFHQW UHSRUW VKRZHG LQ YLWUR RQ +H/D FHOOV WKDW 6SDWDFVLQ DQG 6SDVWL]LQ ZHUH
HVVHQWLDOIRUWKHUHJHQHUDWLRQRIO\VRVRPHVIURPDXWRO\VRVRPHVDSURFHVVNQRZQDV
DXWRSKDJLFO\VRVRPHUHIRUPDWLRQ$/5&KDQJHWDOZKLFKKDVVR IDURQO\
EHHQ REVHUYHG LQ YLWUR 6KHQ HW DO  $FFRUGLQJ WR WKLVPRGHO LPSDLUHG $/5
OHDGV WR H[KDXVWLRQ RI O\VRVRPHV DYDLODEOH IRU IXVLRQ RI DXWRSKDJRVRPHV DQG
DFFXPXODWLRQRIDXWRO\VRVRPHV$VH[SHFWHGRXUUHVXOWVFRUURERUDWHWKHVHILQGLQJV
ERWKLQYLWURDQGLQYLYRLHWKHQXPEHURIDXWRO\VRVRPHVZHUHLQFUHDVHG)LJ$
VLPXOWDQHRXVO\ WKHQXPEHU RI O\VRVRPHVZHUH GHFUHDVHG LQ .20()V )LJ %
)XUWKHUPRUHXSRQVWDUYDWLRQLQGXFHGDXWRSKDJ\IRUKO\VRVRPHVZHUHGHSOHWHGLQ
ERWK:7DQG.20()V ,QWHUHVWLQJO\RQO\:7O\VRVRPHQXPEHUVUHFRYHUHGWR WKH
EDVHOLQH FRQGLWLRQ DIWHU  K RI RQJRLQJ VWDUYDWLRQ ZKLOH .2 0()V O\VRVRPH
QXPEHUVGLGQRWUHFRYHU)LJ&-0RUHRYHUTXDQWLILFDWLRQRI/DPSSRVLWLYHDQG


SQHJDWLYH YHVLFOHV LQ YLYR DW WKH VLWHV RI QHXURGHJHQHUDWLRQ LH 3XUNLQMH FHOO
VRPDWD RI  DQG PRQWKROG PLFH )LJ $% UHYHDOHG WKDW WKH QXPEHU RI
O\VRVRPHVZDVGHFUHDVHGLQ3XUNLQMHFHOOVRI6SDWDFVLQ.2PLFH)LJ&ERWKDW
DQGPRQWKRIDJH
8SRQ6SDWDFVLQGLVUXSWLRQ$/5LVLPSDLUHGKHQFHWKHQXPEHURIO\VRVRPHVGRHVQRW
UHFRYHU WR WKH EDVHOLQH FRQGLWLRQ LQ NQRFNRXW 0()6 IXUWKHUPRUH WKH QXPEHU RI
O\VRVRPHVLVGHSOHWHGLQNQRFNRXW3XUNLQMHFHOOVLQYLYR7KLVLVLQDJUHHPHQWZLWKRXU
REVHUYDWLRQ WKDW ROG NQRFNRXW PLFH KDYH GUDVWLF DFFXPXODWLRQ RI DXWRO\VRVRPDO
PDWHUDOZKLFKPD\EHWKHUHVXOWRIWKHORQJWHUP$/5GHIHFW
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
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
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
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 5HFHQW DGYDQFHV LQ WKHJHQHWLFV RI VSDVWLF
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
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
7DUUDGH$)DVVLHU&&RXUDJHRW6&KDUYLQ'9LWWH-HWDO $PXWDWLRQRI
VSDVWLQ LV UHVSRQVLEOH IRUVZHOOLQJVDQG LPSDLUPHQWRI WUDQVSRUW LQDUHJLRQRID[RQ
FKDUDFWHUL]HG E\ FKDQJHV LQ PLFURWXEXOH FRPSRVLWLRQ +XP 0RO *HQHW  


7HUPDQ$%UXQN87HWDO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
9DQWDJJLDWR&&ULPHOOD&$LUROGL*3ROLVKFKXN5%RQDWR6HWDO'HIHFWLYH
DXWRSKDJ\LQVSDVWL]LQPXWDWHGSDWLHQWVZLWKKHUHGLWDU\VSDVWLFSDUDSDUHVLVW\SH
%UDLQ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
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%HUUHYRHWV&9HUKHLMHQ):GH*UDDII(GH&RR,).URV-0:LOOHPVHQ5:LOOHPV
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0XWDWLRQLQWKH$30JHQHSURYLGHV
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
-XO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:DKOVWHQ' 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.DQH &- HW DO  'URVRSKLOD
VSLFKWK\LQ LQKLELWV %03 VLJQDOLQJ DQG UHJXODWHV V\QDSWLF JURZWK DQG D[RQDO
PLFURWXEXOHV1DW1HXURVFL
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
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
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1HXURO1HXURVFL5HS-XQH±

=LPPHUPDQQ 7 5LHWGRUI - 3HSSHUNRN 5 HW DO 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DSSOLFDWLRQVLQOLYHFHOOPLFURVFRS\)(%6/HWW±
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=XFKQHU67KHJHQHWLFVRIKHUHGLWDU\VSDVWLFSDUDSOHJLDDQGLPSOLFDWLRQVIRU
GUXJWKHUDS\([SHUW2SLQ3KDUPDFRWKHU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
)LUVWDQGIRUHPRVW,ZRXOGOLNHWRH[SUHVVP\GHHSHVWDSSUHFLDWLRQWRP\VXSHUYLVRU
3URI&KULVWLDQ+EQHU+HKDVDOZD\VEHHQDJUHDWVXSSRUWVLQFHWKHGD\,MRLQHGKLV
ODE+HWDXJKWPHKRZWRWDFNOHVFLHQWLILFSUREOHPVSURYLGHGDFDGHPLFJXLGDQFHD
YHU\PRWLYDWLQJDQGFUHDWLYHUHVHDUFKHQYLURQPHQWDQGJDYHPHDOOWKHIDFLOLWLHVWRGR
UHVHDUFK $OVR KH HQFRXUDJHG PH WR FROODERUDWH ZLWK RWKHU VFLHQWLVWV WKHUHIRUH
RSHQHGGRRUV IRUPH WRJHW WRNQRZGLIIHUHQW LQWHUQWDLRQDO UHVHDUFKHUV:LWKRXWKLV
JHQHURXV DQG SHUVLVWHQW JXLGDQFH WKLV WKHVLV DQG P\ WRSLF ZRXOG KDYH QRW EHHQ
VXFFHVVIXOO+H LVDSDVVLRQDWHDQGVXFFHVVIXOVFLHQWLVWZKR LQVSLUHVPH WRSXUVXH
FDUHHULQVFLHQFH
6HFRQGO\ , ZRXOG OLNH WR H[SUHVV P\ JUDWLWXGH WRZDUGV DOO PHPEHUV RI WKH µ+63
UHVHDUFKJURXS-HQD¶,DPYHU\KDSS\WKDW3URI+EQHUJDYHPHWKHRSSRUWXQLW\WR
ZRUN WRJHWKHU ZLWK D IDQWDVWLF VFLHQWLVW 'U &KULVWLDQ %HHW] 7KURXJKRXW P\ 3K'
&KULVWLDQ ZDV DOZD\V YHU\ HQFRXUDJLQJ DQG KHOSHG PH ZLWK KLV VXJJHVWLRQV
,PSRUWDQWO\KHWDXJKWPHKRZWRWKLQNFULWLFDOO\ZKHQDQDO\]LQJDQGVROYLQJVFLHQWLILF
LVVXHVZKLFKKHOSHGPHWRHYROYHDVDVFLHQWLVWIRUZKLFK,DPYHU\WKDQNIXOIRUKLP,
DOVR ZLVK WR WKDQN 'U 0XNKUDQ .KXQGDG]H ZKR LV D WDOHQWHG \RXQJ VFLHQWLVW
0XNKUDQ VKDUHGKLV H[SHULHQFHDQGJUHDW H[SHUWLVHZLWKPHDQGZRUNLQJZLWK KLP
ZDVQRWRQO\YHU\SURGXFWLYHEXWDOVRFKHHULQJXSEHFDXVHKHLVDSDUWIURPEHLQJD
VPDUW UHVHDUFKHU DOVR KDV D YHU\ JRRG VHQVH RI KXPRU , ZRXOG OLNH WR WKDQNP\
ORYHO\FROOHJXHV$QQHWWH%VFKHO+HLNH.LHVHZHWWHUDQG.HUVWLQ6WHLQZKRKHOSHG
PHWROHDUQODERUDWRU\WHFKQLTXHV7KHLUSURWHFWLYHDQGFDULQJQDWXUHPDGHIHHOOLNH,
KDGWKUHHIULHQGVEHVLGHPHHYHU\GD\ZKHQ,ZHQWWRZRUN:LWKRXWWKHLUFRQVLVWHQW
KHOS,DOVRZRXOGQRWEHDEOHWRVSHDN*HUPDQDV,GRQRZ,DPYHU\KDSS\WKDW,
JRWWRNQRZDOORIWKHP
7KLUGO\ ,ZRXOG OLNH WR WKDQNDOOPHPEHUVRI WKH+EQHU/DE IRUDFFHSWLQJPHDQG
OHWWLQJPHLQWHJUDWHWRWKHJURXSIURPWKHYHU\ILUVWPRPHQW,DPYHU\OXFN\WRKDYH
EHHQDEOH WR KDYH \RXDVP\ FROOHJXHV , HVSHFLDOO\ZRXOG OLNH WR WKDQN'U -HDQ
&KULVWRSKHU +HQQLQJV IRU KHOSLQJ PH WR OHDUQ WKH 1RUWKHUQ %ORW WHFKQLTXH
&KULVWRSKHU \RX DUH D JUHDW SHUVRQ D WDOHQWHG VPDUW DQG KDUGZRUNLQJ VFLHQWLVW


DQGRQHRIWKHPDLQµPRWRU¶RIRXUODEZKRQH[WWRGLUHFWLQJKLVRZQSURMHFWVDOZD\V
UHDG\WRKHOSHYHU\RQHLQWKHODE
$OVR,VLQFHUHO\WKDQNDOOWKHVFLHQWLVWVRXWVLGHP\ODEZKRFROODERUDWHGZLWKPHRQ
P\3K'SURMHFW,WKDVEHHQDJUHDWSOHDVXUHWRJHWWRNQRZ\RXDQGWRZRUNZLWKDOO
RI\RX,DSSUHFLDWHDOORI\RXUHIIRUWVDQGFRQWULEXWLRQWRPDNHP\SURMHFWVXFFHVVIXOO
,DPJHQXLQHO\JUDWHIXO WR3URI5HJLQH+HOOHUZKR,FDQWKDQNIRU WKH IDFW WKDW ,DP
ZRUNLQJ LQ -HQD6KH LQWHUYLHZGPHRQD YHU\ VWRUP\DIWHUQRRQ LQ  -XQHDQG
ODWHUDFFHSWHGPHWRWKHILUVW0ROHFXODU0HGLFLQH6XPPHU6FKRROKHOGLQ-HQD,IHHO
YHU\OXFN\WKDW,JRWWRNQRZ\RX5HJLQH\RXDUHDORYHO\SHUVRQDQGDJUHDWVXSSRUW
IRUHDFKDQGHYHU\VWXGHQWLQFOXGLQJPHDVZHOO
/DVWO\ , ZRXOG OLNH WR WKDQN P\ EHORYHG IDPLO\ P\ PRWKHU P\ IDWKHU P\
JUDQGPRWKHUDQGP\XQFOHDQGKLVIDPLO\IRUEHLQJDOZD\VWKHUHIRUPH:LWKRXW\RXU
ORYHVXSSRUWDQGHQFRXUDJHPHQW,ZRXOGQRWEHDWWKHVWDJHZKHUH,DPWRGD\


(KUHQZ|UWOLFKH(UNOlUXQJ

+LHUPLWHUNOlUHLFKGDVVPLUGLH3URPRWLRQVRUGQXQJGHU0HGL]LQLVFKHQ)DNXOWlWGHU
)ULHGULFK6FKLOOHU8QLYHUVLWlWEHNDQQWLVW LFKGLH'LVVHUWDWLRQVHOEVWDQJHIHUWLJWKDEH
XQG DOOH YRQ PLU EHQXW]WHQ +LOIVPLWWHO SHUV|QOLFKHQ 0LWWHLOXQJHQ XQG 4XHOOHQ LQ
PHLQHU $UEHLW DQJHJHEHQ VLQG PLFK IROJHQGH 3HUVRQHQ EHL GHU $XVZDKO XQG
$XVZHUWXQJ GHV 0DWHULDOV VRZLH EHL GHU +HUVWHOOXQJ GHV 0DQXVNULSWV XQWHUVWW]W
KDEHQ3URI'U&KULVWLDQ+EQHU'U&KULVWLDQ%HHW]'U0XNKUDQ.KXQGDG]H3'
'U ,QJR .XUWK 'U 6DQGRU 1LHW]VFKH XQG 3URI 'U 5HJLQH +HOOHU GLH +LOIH HLQHV
3URPRWLRQVEHUDWHUV QLFKW LQ $QVSUXFK JHQRPPHQ ZXUGH XQG GDVV 'ULWWH ZHGHU
XQPLWWHOEDUQRFKPLWWHOEDUJHOGZHUWH/HLVWXQJHQYRQPLUIU$UEHLWHQHUKDOWHQKDEHQ
GLHLP=XVDPPHQKDQJPLWGHP,QKDOWGHUYRUJHOHJWHQ'LVVHUWDWLRQVWHKHQGDVVLFK
GLH 'LVVHUWDWLRQ QRFK QLFKW DOV 3UIXQJVDUEHLW IU HLQH VWDDWOLFKH RGHU DQGHUH
ZLVVHQVFKDIWOLFKH 3UIXQJ HLQJHUHLFKW KDEH XQG DVV LFK GLH JOHLFKH HLQH LQ
ZHVHQWOLFKHQ7HLOHQlKQOLFKHRGHUHLQHDQGHUH$EKDQGOXQJQLFKWEHLHLQHUDQGHUHQ
+RFKVFKXOHDOV'LVVHUWDWLRQHLQJHUHLFKWKDEH
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